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To Vivien 


Foreword 


I don't have my name on anything that I don't really do. 

-Heidi Klum 

Can the organic chemists associated with so-called “Named Reactions” make the 
same claim as supermodel Heidi Klum? Many scholars of chemistry do not 
hesitate to point out that the names associated with “name reactions” are often not 
the actual inventors. For instance, the Arndt-Eistert reaction has nothing to do 
with either Arndt or Eistert, Pummerer did not discover the “Pummerer” 
rearrangement, and even the famous Birch reduction owes its initial discovery to 
someone named Charles Wooster (first reported in a DuPont patent). The list goes 
on and on... 

But does that mean we should ignore, boycott, or outlaw “named 
reactions”? Absolutely not. The above examples are merely exceptions to the rule. 
In fact, the chemists associated with name reactions are typically the original 
discoverers, contribute greatly to its general use, and/or are the first to popularize 
the transformation. Regardless of the controversial history underlying certain 
named reactions, it is the students of organic chemistry who benefit the most from 
the cataloging of reactions by name. Indeed, it is with education in mind that Dr. 
Jack Li has masterfully brought the chemical community the latest edition of 
Name Reactions. 

It is clear why this beautiful treatise has rapidly become a bestseller 
within the chemical community. The quintessence of hundreds of named 
reactions is encapsulated in a concise format that is ideal for students and 
seasoned chemists alike. Detailed mechanistic and occasionally even historical 
details are given for hundreds of reactions along with key references. This “must- 
have” book will undoubtedly find a place on the bookshelves of all serious 
practitioners and students of the art and science of synthesis. 

Phil S. Baran 
May 2009 
La Jolla, California 


Preface 


The first three editions of this book have been warmly embraced by the organic 
chemistry community. Many readers have indicated that while they like the 
detailed mechanisms, they prefer to have more real case applications in synthesis. 
For this edition, we have revolutionized the format, which finally liberated more 
space to accomodate many more synthetic examples. As a consequence, the 
subtitle of the book has been changed to A Collection of Detailed Mechanisms and 
Synthetic Applications. When putting together the 4 lh edition, I also strived to cap¬ 
ture the latest references, up to 2009 whenever possible. Coincidentally, my 
daughter Vivien, a sophomore at the University of Michigan, will take soon Or¬ 
ganic Chemistry. I hope she finds this book useful in preparing for her exams. 

I am very much indebted to the readers who have kindly written to me with 
suggestions, which helped transform this book into a useful reference book for 
senior undergrate and graduate students around the world—the second edition was 
translated to both Chinese and Russian. I am grateful to my good friend Derek A. 
Pflum at Ash Stevens Inc. who kindly proofead the entire manuscript and 
provided many invaluable suggestions. Prof. Derrick L. J. Clive at University of 
Alberta also proofread the first half of the manuscript and offered helpful 
comments. I also wish to thank Prof. Phil S. Baran at Scripps Research Institute 
and his students, Tanja Gulder, Yoshi Ishihara, Chad A. Lewis, Jonathan Lockner, 
Jun Cindy Shi, and Ian B. Seiple for proofreading the final draft of the manuscript. 
Their knowledge and time have tremendously enhanced the quality of this book. 
Any remaining errors are, of course, solely my own responsibility. 

As always, I welcome your critique! 


Jie Jack Li 
May 2009 
Killingworth, Connecticut 
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Abbreviations and Acronyms 


o 

polymer support 

3CC 

three-component condensation 

4CC 

four-component condensation 

9-BBN 

9-borabicyclo[3.3.1 Jnonane 

A 

adenosine 

Ac 

acetyl 

ADDP 

1,1 '-(azodicarbony l)dipiperidine 

AIBN 

2,2'-azobisisobutyronitrile 

Alpine-borane 

F>-isopinocampheyl-9-borabicyclo[3.3.1 ]-nonane 

AOM 

p -Anisyloxymethyl = /?-McOCf,H 4 OC 112- 

Ar 

aryl 

B: 

generic base 

[bimim]Cl*2AlCl3 

1 -butyl-3-methylimidazolium chloroaluminuminate 

BINAP 

2,2'-bis(diphenylphosphino)-1,1 '-binaphthyl 

Bn 

benzyl 

Boc 

tert-butyloxycarbonyl 

BT 

benzothiazole 

Bz 

benzoyl 

Cbz 

benzyloxycarbonyl 

CuTC 

copper thiophene-2-carboxylate 

DAB CO 

l,4-diazabicyclo[2.2.2]octane 

dba 

dibenzylideneacetone 

DBU 

l,8-diazabicyclo[5.4.0]undec-7-ene 

DCC 

1,3 -dicyclohexylcarbodiimide 

DDQ 

2,3-dichloro-5,6-dicyano-l,4-benzoquinone 

de 

diastereoselctive excess 

DEAD 

diethyl azodicarboxylate 

(DHQ) 2 -PHAL 

l,4-bis(9-0-dihydroquinine)-phthalazine 

(DHQD) 2 -PHAL 

l,4-bis(9-0-dihydroquinidine)-phthalazine 

DIAD 

diisopropyl azodidicarboxylate 

DIBAL 

diisobutylaluminum hydride 

DIPEA 

diisopropylethylamine 

DMA 

N, ;V-d i m e tli y 1 ace ta m i d c 

DMAP 

4 - N, A- dim e t hy 1 aminopyr idine 

DME 

1,2-dimethoxyethane 

DMF 

N, ,V-d i m e tli y 1 fo rm a m i d c 

DMFDMA 

N,N -dimctliy lformamide dimethyl acetal 

DMS 

dimethylsulfide 

DMSO 

dimethylsulfoxide 

DMSY 

dimethylsulfoxonium methylide 

DMT 

dimethoxytrityl 

DPPA 

diphenylphosphoryl azide 

dppb 

l,4-bis(diphenylphosphino)butane 


XX 


dppe 

l,2-bis(diphenylphosphino)ethane 

dppf 

l,l'-bis(diphenylphosphino)ferrocene 

dppp 

1,3 -bis(dipheny lphosphino)propane 

dr 

diastereoselctive ratio 

DTBAD 

di-tert-butylazodicarbonatc 

DTBMP 

2,6-di-teri-butyl-4-methylpyridine 

El 

unimolecular elimination 

ElcB 

2-step, base-induced (3-elimination via carbanion 

E2 

bimolecular elimination 

EAN 

ethylammonium nitrate 

EDDA 

ethylenediamine diacetate 

ee 

enantiomeric excess 

Ei 

two groups leave at about the same time and bond to 
each other as they are doing so. 

Eq 

equivalent 

Et 

ethyl 

EtOAc 

ethyl acetate 

HMDS 

hexamethyldisilazane 

HMPA 

hexamethylphosphoramide 

HMTTA 

1,1,4,7,10,10-hexamethyltriethylenetetramine 

IBX 

o-iodoxybenzoic acid 

Imd 

imidazole 

KHMDS 

potassium hexamethyldisilazide 

LAH 

lithium aluminum hydride 

LDA 

lithium diisopropylamide 

LHMDS 

lithium hexamethyldisilazide 

LTMP 

lithium 2,2,6,6-tetramethylpiperidide 

M 

metal 

tw-CPBA 

w-chloroperoxybenzoic acid 

MCRs 

multicomponent reactions 

Mes 

mesityl 

MPS 

morpholine-polysulfide 

Ms 

methanesulfonyl 

MWI 

microwave irradiation 

MVK 

methyl vinyl ketone 

NBS 

A-bromosuccinimide 

NCS 

A-chlorosuccinimide 

NIS 

A-iodosuccinimide 

NMP 

1 -methyl-2-pyrrolidinone 

Nos 

nosylate (4-nitrobenzenesulfonyl) 

A-PSP 

A-phenylselenophthalimide 

A-PSS 

A-phenylselenosuccinimide 

Nu 

nucleophile 

PCC 

pyridinium chlorochromate 

PDC 

pyridinium dichromate 

Piv 

pivaloyl 


XXI 


PMB 

para-methoxybenzyl 

PPA 

polyphosphoric acid 

PPTS 

pyridinium /j-tolnencsiilfonatc 

PT 

phenyltetrazolyl 

PyPh 2 P 

diphenyl 2-pyridylphosphine 

Pyr 

pyridine 

Red-Al 

sodium bis(methoxy-ethoxy)aluminum hydride 

Red-Al 

sodium bis(methoxy-ethoxy)aluminum 

(SMEAH) 

Salen 

N, -dis alicy li dene-e thy lenediamine 

SET 

single electron transfer 

SIBX 

Stabilized IBX 

SM 

starting material 

SMEAH 

sodium bis(methoxy-ethoxy)aluminum hydride 

s N i 

unimolecular nucleophilic substitution 

S n 2 

bimolecular nucleophilic substitution 

S N Ar 

nucleophilic substitution on an aromatic ring 

TBABB 

tetra-n-hutylammonium bibenzoate 

TBAF 

tetra-«-butylammonium fluoride 

TBAO 

1,3,3 -trimethyl-6-azabicyclo[3.2.1 Joctane 

TBDMS 

lerl -b u ty Idimctli y 1 s i 1 y 1 

TBDPS 

lerl -b u ty 1 diplicnyl si 1 y 1 

TBS 

fert-butyldimethylsilyl 

/-Bli 

tert-bvAy\ 

TDS 

thexyldimethylsilyl 

TEA 

triethylamine 

TEOC 

trimethysilylethoxycarbonyl 

Tf 

trifluoromethanesulfonyl (triflyl) 

TFA 

trifluoroacetic acid 

TFAA 

trifluoroacetic anhydride 

TFP 

tri-2-furylphosphine 

THF 

tetrahydrofuran 

TIPS 

triisopropylsilyl 

TMEDA 

N, N, NN 1 e t ra m c t li y 1 e t h y 1 e n c d i a m i n e 

TMG 

1,1,3,3 -tetramethy lguanidine 

TMP 

tetramethylpiperidine 

TMS 

trimethylsilyl 

TMSC1 

trimethylsilyl chloride 

TMSCN 

trimethylsilyl cyanide 

TMSI 

trimethylsilyl iodide 

TMSOTf 

trimethylsilyl triflate 

Tol 

toluene or tolyl 

Tol-BINAP 

2,2'-bis(di-j»-tolylphosphino)- 1 , 1 '-binaphthyl 

TosMIC 

(p-tolylsulfonyl)methyl isocyanide 

Ts 

tosyl 

TsO 

tosylate 


hydride 


XXII 

urea-hydrogen peroxide 
solvent heated under reflux 


UHP 

A 
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Alder ene reaction 

The Alder ene reaction, also known as the hydro-allyl addition, is addition of an 
enophile to an alkene (ene) via allylic transposition. The four-electron system in¬ 
cluding an alkene n-bond and an allylic C-H o-bond can participate in a pericyclic 
reaction in which the double bond shifts and new C-H and C-C o-bonds are 
formed. 



X=Y: C=C, C=C, C=Q, C=N, N=N, NO, SO, etc. 


Example l 5 


ene 



enophile 


Example 2 7 

h 2 n- n 




KOH, Pt/Clay, 35% 
(Kishner reduction) 



O 



O 


0 °C, CH 2 CI 2 , 89% 
(Alder ene reaction) 



Example 3, Intramolecular Alder-ene reaction* 


toluene, reflux 
5 h, 95% 




JJ. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 1, 
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Example 4, Cobalt-catalyzed Alder-ene reaction 9 


Et 

Ph 


OTMS 


[Co(dppp)Br 2 ], Zn, Znl 2 , CH 2 CI 2 


25 °C, 8 h, 95% (GC yield) 



Example 5, Nitrile-Alder-ene reaction 10 
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Aldol condensation 

The Aldol condensation is the coupling of an enolate ion with a carbonyl 
compound to fonn a P-hydroxycarbonyl, and sometimes, followed by dehydration 
to give a conjugated enone. A simple case is addition of an enolate to an aldehyde 
to afford an alcohol, thus the name aldol. 



e 

R 2 o Q 


acidic r 2 qh O 
R 1 workup R 3 '^y /L R 1 


Example l 3 



LDA, THF, then 
MgBr 2 , -110 °C, then 

BnO^O^ CH ° 


OH O 



85% yield 


Example 2 8 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 2, 
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Example 3, Enantioselective Mukaiyama-aldol reaction 10 


OTMS 


A, 


Ph 


A. 




83% yield, 98% ee 


Example 4, Intermolecular aldol reaction using organocatalyst 12 



Example 5, Transannular aldol reaction 13 


OMe O 



1. LiN(SiMe 2 Ph) 2 , THF 
-105 °C, 74%, 10:1, dr 


2. Mgl 2 , Et 2 0, 57% 


OH O 



References 
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Algar-Flynn-Oyamada Reaction 

Conversion of 2'-hydroxychalcones to 2-aryl-3-hydroxy-4//-lbenzopyran-4-ones 
(flavonols) by an oxidative cyclization. 





e 


HO 


h 2 o 2 



A side reaction: 




a-attack 


then dehydration 


Example l 5 


Example 2 5 



1. PhCHO, NaOH, EtOH, rt 


2. H 2 0 2 , 15 to 50 °C, 54% 




CHO 
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Example 3, The side reaction dominated to give the aurone derivative: 9 



OMe O 


aq. NaOH 


H 2 0 2 , 80% 



Example 4 P 
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Allan-Robinson reaction 

Synthesis of flavones or isoflavones by the treatment of of o-hydroxyaryl ketones 
with aromatic aldehydes. Cf. Kostanecki reaction on page 322. 




OMe 

HCk /OH 



OMe 


OMe O 


PhC0 2 Na, 170-180 °C 


8 h, 45% 




OMe O 


Example 2 9 
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Example 3 10 
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Arndt-Eistert homologation 

One-carbon homologation of carboxylic acids using diazomethane. 


° SOC! 


OH 


„ o i.ch 2 n 2 

2 - x —— 

R 


Cl 2. Ag + , H 2 0, hv 


OH 



Q ® 

H 2 C-NSN 




H H 




a-ketocarbene intermediate ketene intermediate 


Example l 7 



1. CIC0 2 Et, Et 3 N, THF, -10 °C, 15 min 


2. CH 2 N 2 , Et 2 0, 0 °C to rt, 18 h, 78% 



Ph0O 2 Ag, Et 3 N, MeOH/THF, dark 


-25 °C to rt, 3 h, 61% 



Example 2, An interesting variation 9 



1. Fmoc-CI, pyridine, 0 °C 

2. isobutylchloroformate, Et 3 N 


then CH 2 N 2 , 0 °C, 39% 




PhC0 2 Ag, dioxane 
15 min., 50 °C, 72% 



Ph 


CONH 2 
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Example 3 10 


1. LiOH, MeOH/H 2 0, reflux 

2. CIC0 2 Et, Et 3 N, THF, 0 °C 


3. CH 2 N 2 , Et 2 0 

4. PhC0 2 Ag, Et 3 N, MeOH, rt 
69% for 4 steps 
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Baeyer-Villiger oxidation 

General scheme: 


o 

o A 

o H' XT'R 3 O O 

R^R 2 or H 2 0 2 * rA Q ' R2 + HO^ 


The most electron-rich alkyl group (more substituted carbon) migrates first. The 
general migration order: tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > 
phenyl > primary alkyl > methyl » H. 

For substituted aryls: 

p-MeO-Ar > p-Me-Ar > p-Gl-Ar > p-Br-Ar > p-MeOAr > p-CTN-Ar 


Example 1: 



Example 2 4 



Example 3 5 



m-CPBA 


CH 2 CI 2 , rt 
quant. 


OH O | 9 H 

A,a 0 A . A 


/>—NH 

cf 100% 




A—NH 
O 0% 
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Example 4 6 


o 


AcO 



m-CPBA, NaHC0 3 


CH 2 CI 2 , 0 °C, 4 h 
60% 



Example 5 8 


o 



,o 



OAc m-CPBA, CF 3 SO 3 H 


CH 2 CI 2 , 45 min., 90% 


OAc 
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9. Baj, S.; Chrobok, A. Synth. Commun. 2008, 38, 2385-2391. 

10. Maikov, A. V.; Friscourt, F.; Bell, M.; Swarbrick, M. E.; Kocovsky, P. J. Org. Chem. 
2008, 73, 3996-4003. 




14 


Baker-Venkataraman rearrangement 

Base-catalyzed acyl transfer reaction that converts a-acyloxyketones to (3- 
diketones. 




Example 2, Carbamoyl Baker-Venkataraman rearrangement 6 


2.5 eq. NaH, PhMe, reflux, 2 h 
then 6 equiv TFA, reflux, 1 h, 93% 
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Example 3, Ester Baker-Venkataraman rearrangement 9 



Example 4, Ester Baker-Venkataraman rearrangement 10 
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Bamford-Stevens reaction 

The Bamford-Stevens reaction and the Shapiro reaction share a similar mechanis¬ 
tic pathway. The former uses a base such as Na, NaOMe, LiH, NaH, NaNH 2 , 
heat, etc., whereas the latter employs bases such as alkyllithiums and Grignard re¬ 
agents. As a result, the Bamford-Stevens reaction furnishes more-substituted ole¬ 
fins as the thermodynamic products, while the Shapiro reaction generally affords 
less-substituted olefins as the kinetic products. 


R 1 l_i 

rtJW ,n. 

Y N Ts 

NaOMe 

R 1 

r2 Y^h 


R 3 


R 3 



In protic solvent (S-H): 




+ SH 


In aprotic solvent: 



Example 1, Tandem Bamford-Stevens/thermal aliphatic Claisen rearrangement 
sequence 2 



Rh 2 (OAc) 4 

CICH 2 CH 2 CI 


130 °C 
87% (>20:1) 



The starting material A'-aziridinyl imine is also known as Eschenmoser hydrazone. 
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Example 2, Thermal Bamford-Stevens 6 


,.,- N CL Ph Tol., 145 °C 
N 


To1 ’ 145 C Me 3 Si^^Ph 
sealed tube, 65% E : Z = 90 : 10 


Me 3 Si 



Ph 


Example 3 



N-NHTs 


f-BuOK, f-BuOH 



'O' 


'O' 


reflux, 83% 


Example 4' 



o 


e 


Rh 2 (OAc) 4 

tetrahydrothiophene o ^ 

_. ,/ \," R i 


N 


Ts BnEt 3 N + Cr, MeCN, R ' 
40 °C, 3 h, 59-97% 
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Barbier coupling reaction 

In essence, the Barbier coupling reaction is a Grignard reaction carried out in situ 
although its discovery preceded that of the Grignard reaction by a year. Cf. Grig¬ 
nard reaction (Page 266). 


o r 3 x, m r 

_R-M 

OH 

■_^ 

Ri^~R 2 

RfT'R 2 

1 R 2 


According to conventional wisdom, 3 the organometallic intermediate (M = Mg, 
Li, Sm, Zn, La, etc.) is generated in situ, which is intermediately trapped by the 
carbonyl compound. However, recent experimental and theoretical studies seem 
to suggest that the Barbier coupling reaction goes through a single electron trans¬ 
fer pathway. 

Generation of the Grignard reagent. 


r,-x . 


SET-1 


R-X M 




MX 


R 


n\ r\ 


M 


SET-2 


R-M 


Ionic mechanism, 


r 2 S' S~ 

R’%° 

R 

ar 8 


ol MgX 


R 1 R 2 

V 

R OMgX 



R 1 R 2 

V 

R OH 


Single electron transfer mechanism, 

rH° _. r^9 _ R v R2 hX r1 v r2 

r/m 9 x rC M9X r om 3 x rX o 


Example l 6 



,Br 


Sm, THF, rt 
20 min., 70% 
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Example 2 9 


o 



NHCCI 2 Et 


Zn, THF, aq. NH 4 CI 


0 °C, 82%, 95% de 



NHC0 2 Et 


Example 3 10 

n-C 4 H 9 Br + H 3 C'^^"CI 


Mg 

20 mol% CuCN 
THF, rt, 1.5 h, 86 % 


n-C/^Hg 


n-C 4 H 9 


H 3 C' 
10 : 90 


Example 4 11 
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Bartoli indole synthesis 

7-Substituted indoles from the reaction of or/^o-substituted nitroarenes and vinyl 
Grignard reagents. 




nitroso intermediate 



R MgBr 


[3,3]-sigmatropic 

rearrangement 




H,0 


workup 



Example l 3 



1- ^^^MgBr (3 eq) 
-40°C, THF 
2. aq. NH 4 CI, 67% 
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Example 3 10 



4 equiv 
^MgCI 
THF, 66% 


4 equiv 
^MgCI 
THF, 38% 




2 equiv 

\lgCI 

THF, -40 °C 
52% 
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Barton radical decarboxylation 

Radical decarboxylation via the corresponding thiocarbonyl derivatives of the car¬ 
boxylic acids. 



NC^)^=N' k ^CN 


homolytic 

cleavage 


NoT 


• <^CN 


AIBN = 2,2'-azobisisobutyronitrile 

tO^-CN -- fj-Bu 3 Sn • + H—<T CN 


n-Bu 3 Sn-- 




SI 


A 


• SnBu 3 
C0 2 T + Rr'^AsnBu 


Bu 3 Sn 


O 

X 

XT9 


R-H + BuoSn- 


Example l 3 
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Example 2 6 



OTBDPS 



Bu 3 P, THF, PhH 



Me 3 SiH, AIBN 


PhH, 80 °C, 75% 



OTBDPS 


Example 3 9 


M6O2C 


^co 2 h 



DCC, CH 2 CI 2 
rt, 2 h 




1. m-CPBA, CH 2 CI 2 , 0 °C Me o 2 c. 

2. toluene, 110 °C, 1 h, 90% 
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Barton-McCombie deoxygenation 

Deoxygenation of alcohols by means of radical scission of their corresponding 
thiocarbonyl derivatives. 


R 1 S 

n-Bu 3 SnH, AIBN R 1 

r 2 ^o^s / 

PhH, reflux R 2 "^H 


NC ^f N=N T^ CN N 2 r . 2 -(cm 

cleavage 

AIBN = 2,2'-azobisisobutyronitrile 


n-Bu 3 Srr L 'h?’ 


^-CN 


n-Bu 3 Sn • 



n-Bu 3 Sn 

R 

R 2 'O' 




/SnBu 3 r?-Bu 3 Sn^ 

^ p-scission J s 




R 1 



/-n R 1 hydrogen atom R 1 

n-Bu 3 Sn W • / -► 1 + n-Bu 3 Sn* 

p2 abstraction R 2 h 


Example l 2 


n-Bu 3 Sn 


S 

o^s" 


n-Bu 3 SnSMe + O-C—St 


H 2 
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Example 2 6 



AIBN, A, 74% 
0-(CH 2 ) 4 Bu 2 SnH 



Example 3 10 



1. NaH, CS 2 , Mel, 80% 

2. Bu 3 SnH, AIBN, 70% 



"OBn 


Example 4 11 



Bu 3 SnH, AIBN 


Toluene, reflux 
72% 2 steps 



Boc 
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Barton nitrite photolysis 

Photolysis of a nitrite ester to a y-oximino alcohol. 




Nitric oxide radical is a stable 
and therefore, long-lived radical 



nitroso intermediate 

Example l 2 
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Example 2 6 


o 

II 




H 



Example 3 7 



2. Irradiation at 350 nM 
*OAc 5 h, PhH, 0 °C, 50% 




1. NOCI, CH 2 CI 2 , -20 °C, 100% 



‘OAc 


1 -"^ 


References 

1. (a) Barton, D. H. R.; Beaton, J. M.; Geller, L. E.; Pechet, M. M. J. Am. Chem. Soc. 
1960, 82, 2640-2641. In 1960, Derek Barton took a “vacation” in Cambridge, Massa¬ 
chusetts; he worked in a small research institute called the Research Institute for 
Medicine and Chemistry. In order to make the adrenocortical hormone aldosterol, 
Barton invented the Barton nitrite photolysis by simply writing down on a piece of pa¬ 
per what he thought would be an ideal process. His skilled collaborator, Dr. John Bea¬ 
ton, was able to reduce it to practice. They were able to make 40 to 50 g of aldosterol 
at a time when the total world supply was only about 10 mg. Barton considered it his 
most satisfying piece of work, (b) Barton, D. H. R.; Beaton, J. M. J. Am. Chem. Soc. 
1960, 82, 2641-2641. (c) Barton, D. H. R.; Beaton, J. M. J. Am. Chem. Soc. 1961, 83, 
4083-4089. (d) Barton, D. H. R.; Lier, E. F.; McGhie, J. M. J. Chem. Soc., (C) 1968, 
1031-1040. 

2. Nickon, A; Iwadare, T.; McGuire, F. J.; Mahajan, J. R; Narang, S. A.; Umezawa, B. J. 
Am. Chem. Soc. 1970 92, 1688-1696. 

3. Barton, D. H. R.; Hesse, R. H.; Pechet, M. M.; Smith, L. C. J. Chem. Soc., Perkin 
Trans. 1 1979, 1159-1165. 

4. Barton, D. H. R. Aldrichimica Acta 1990, 23, 3-10. (Review). 

5. Majetich, G.; Wheless, K. Tetrahedron 1995, 51, 7095-7129. (Review). 

6. Sicinski, R. R.; Perlman, K. L.; Prahl, J.; Smith, C.; DeLuca, H. F. J. Med. Chem. 
1996, 22, 4497^1506. 

7. Anikin, A.; Maslov, M.; Sieler, J.; Blaurock, S.; Baldamus, J.; Hennig, F.; Findeisen, 
M.; Reinhardt, G.; Oehme, R.; Welzel, P. Tetrahedron 2003, 59, 5295-5305. 

8. Suginome, H. CRC Handbook of Organic Photochemistry and Photobiology 2nd edn.; 
2004, 102/1-102/16. (Review). 

9. Hagan, T. J. Barton nitrite photolysis. In Name Reactions for Homologations-Part /; 
Fi, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 633-647. (Review). 




28 


Batcho-Leimgruber indole synthesis 

Condensation of o-nitrotoluene derivatives with formamide acetals, followed by 
reduction of the t runs - |3-dimethylamino-2 - n itro styrene to furnish indole deriva¬ 
tives. 




DMFDMA = N, N -di rnetliyI ft)rrnamide dimethyl acetal, Me 2 NCH(OMe )2 



Example 2 4 



1. Mel, NaHC0 3 


2. Me 2 NCH(OMe) 2 
DMF, A 
80%, 2 steps 
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Example 3 5 



Example 4 10 



Me 2 NCH(OMe) 2 , Cul, DMF 


microwave, 180 °C, 10 min. 
76% 



Pd/C, H 2 


MeOH, 3d 
89% 
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Baylis-Hillman reaction 

Also known as Morita-Baylis-Hillman reaction. It is a carbon—carbon bond¬ 
forming transformation of an electron-poor alkene with a carbon electrophile. 
Electron-poor alkenes include acrylic esters, acrylonitriles, vinyl ketones, vinyl 
sulfones, and acroleins. On the other hand, carbon electrophiles may be alde¬ 
hydes, a-alkoxycarbonyl ketones, aldimines, and Michael acceptors. 

General scheme: 


x J 

R A R 2 + If 


EWG catalytic 


tertiary amine 



EWG 



Alternative catalytic tertiary amines: 



Example 1: 





6 . 

OH OJ 


E2 (bimolecular elimination) mechanism is also operative here: 
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OH O 



Example 2, Intramolecular Baylis-Hillman reaction 6 




OEt 


DABCO 


dioxane:water (1:1) 
24 h, 72%, de 80% 



Example 4 s 
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Example 6 10 



N 

.A 



cyclopentyl methyl ether/toluene, -15 °C 


87-100%, 88-95% ee 



R = p-CI-C 6 H 5 
R = p-OMe-C 6 H 5 
R = p-N0 2 -C 6 H 5 
R = 2-furyl 
R = 2-naphthyl 
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Beckmann rearrangement 

Acid-mediated isomerization of oximes to amides. 
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In protic acid: 


,oh u n a 

N H 3 0 


R'^R 2 


II 

'N'A 2 

H 


N— H 3 O 

R 1 R 2 r C^ r : 






,1© 


0 


rP:OH 2 


the substituent tram to the leaving group migrates 

,- Rl d1 


n 

-V 

H 


- H 


N' tautomerization HN' 


A 


R 2 OH 


A, 


R 2 


With PCI 5 : 


,OH 


A 2 

R 1 R 2 


PCU 


'N'^R 2 

H 


PCU 


A 

.f 

N'°'H 

R A R 2 


-HCI 


A 


OPCU 


R T R 2 


( : N 

ML 


R 1 

1® 

IjP 

rP:OH 2 


Again, the substituent tram to the leaving group migrates 

r -,1 

.R 1 


N" 

R=V 

H 


-H® N' 


A 


tautomerization 


HN' 


R 2 OH 


A 


R 2 ^O 


Example 1, Microwave (MW) reaction 

,OH 



BiCh 


MW, 90% 
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Example 2 4 




Example 3 6 



PPA = polyphosphoric acid 


Example 4 N 



syn 


p-TsCI/Et 3 N 


THF, 10% K 2 C0 3 
80% 



Abnormal Beckmann rearrangement is when the migrating substituent 
fragment (e.g., R 1 ) departs from the intennediate, leaving a nitrile as a stable 
product. 


^OH 

N 

|| 

© 

H 



R 1 R 2 
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Benzilic acid rearrangement 

Rearrangement of benzil to benzylic acid via aryl migration. 




migration 



O 

© r 4, 

OH OH 


workup 


OH 


OH 


benzilate anion 

Final deprotonation of the carboxylic acid drives the reaction forward. 


Example l 3 



KOH, MeOH/H 2 0 


130-140 °C, 3h, 32% 


Example 2 6 


KOH, dioxane 
30 min., rt, 74% 


Example 3, Retro-benzilic acid rearrangement 7 
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Benzoin condensation 

Cyanide-catalyzed condensation of aryl aldehyde to benzoin. Now cyanide is 
mostly replaced by a thiazolium salt. Cf Stetter reaction. 




Example 2 7 



® /^-ch 3 



Et 3 N, f-BuOH, 60 °C, 24 h, 40% 



Example 3 7 



HO 



Et 3 N, DMF, 60 °C, 96 h, 69% 
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Example 4 



Ar 



OMe 


THF 

Ar = 2-FPh 


87% yield; 91% ee 


Example 5 10 




10 mol% 



,CHO 


/T-OTMS 
Ph Ph 


10 mol% KHMDS 
toluene, rt, 16 h 


66 % yield, 95% ee 
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Bergman cyclization 

1,4-Benzenediyl diradical formation from enediyne via electrocyclization. 




enediyne 1,4-benzenediyl diradical 

Example l 6 




Example 2 7 
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Example 4 10 


o 

142 °C, t 1/2 = 14.4 h 
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Biginelli pyrimidone synthesis 

One-pot condensation of an aromatic aldehyde, urea, and (1-dicarbonyl compound 
in the acidic ethanolic solution and expansion of such a condensation thereof. It 
belongs to a class of transformations called multicomponent reactions (MCRs). 
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Example 2 5 



Example 3, Microwave-induced Biginelli condensation (MWI = microwave irra¬ 
diation) 9 


o o 


EtO 




OMe 



Bi(N0 3 ) 3 , MWI 


EtOH, A, 5 h 
80% 


EtOOC 


OMe 
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Birch reduction 

The Birch reduction is the 1,4-reduction of aromatics to their corresponding 
cyclohexadienes by alkali metals (Li, K, Na) dissolved in liquid ammonia in the 
presence of an alcohol. 

Benzene ring bearing an electron-donating substituent: 




Benzene ring with an electron-withdrawing substituent: 
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Example l 4 


OMe 



1. Na, NH 3 , THF.-78 °C 


2. Mel, 98%, 30:1 dr 



Example 2 7 



Example 3 8 



Na, NH 3 
THF, EtOH 


-33 °C, 1 h 
16.3% 
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Bischler-Mohlau indole synthesis 

The Bischler-Mohlau indole synthesis, also known as the Bischler indole 
synthesis, refers to the synthesis of 3-arylindoles from the cyclization of co- 
arylamino-ketones and excess anilines. 




Example 2 9 
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Example 3 10 



Example 4, Microwave-assisted, solvent-free Bischler indole synthesis 11 
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Bischler-Napieralski reaction 

Dihydroisoquinolines from (3-phenethylamides in refluxing phosphorus oxychlo¬ 
ride. 





Example l 2 



Example 2 4 



Example 3 6 
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Example 4 7 



Example 5 9 
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so 

Blaise reaction 

(3-Ketoesters from nitriles, a-haloesters and Zn. Cf. Reformatsky reaction. 


Biv ,C0 2 R 2 1-Zn, THF, reflux 

P-CN + 

O 

- .X. ,co 2 r 2 

R 1 2. H 3 0 + 

R 1 



® 

H 2 OjH 


nucleophilic 

addition 


i-ZnBr 


workup 


The Zn enolate itself is a C-enolate (in the crystal form), but for the reaction to oc¬ 
cur, it equilibrates back into an O-enolate 


H 2 0: 



® 

H 2 OjH 



Example 1, Preparation of the statin side chain 



ci 


OTMS 



1. cat. Zn, THF, reflux OH O 

Br\^.C0 2 f-Bu- 

2. H 3 0 + , 85% 



Example 2 6 
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Example 3 


o 


OH 


Me 



OMe 



O OH 



Br 


NC. 


.OBn 


Me0 2 C 


.OBn 


3 equiv Zn, 1 mol% MeS0 3 H 
THF, reflux, 78% 


Example 4, The first chemoselective tandem acylation of the Blaise reaction in¬ 
termediate 9 



References 

1. (a) Blaise, E. E. C. R. Hebd. Seances Acad. Sci. 1901, 132, 478^180. (b) Blaise, E. E. 
C. R. Hebd. Seances Acad. Sci. 1901, 132, 978-980. Blaise was at Institut Chimique 
de Nancy, France. 

2. Beard, R. L.; Meyers, A. I. J. Org. Chem. 1991, 56, 2091-2096. 

3. Deutsch, H. M.; Ye, X.; Shi, Q.; Liu, Z.; Schweri, M. M. Eur. J. Med. Chem. 2001, 36, 
303-311. 

4. Creemers, A. F. L.; Lugtenburg, J. J. Am. Chem. Soc. 2002, 124, 6324-6334. 

5. Shin, H.; Choi, B. S.; Lee, K. K.; Choi, H.-w.; Chang, J. H.; Lee, K. W.; Nam, D. H.; 
Kim, N.-S. Synthesis 2004, 2629-2632. 

6. Choi, B. S.; Chang, J. H.; Choi, H.-w.; Kim, Y. K.; Lee, K. K.; Lee, K. W.; Lee, J. H.; 
Heo, T.; Nam, D. H.; Shin, H. Org. Proc. Res. Dev. 2005, 9, 311-313. 

7. Pospisil, J.; Marko, I. E. J. Am. Chem. Soc. 2007, 129, 3516-3517. 

8. Rao, H. S. P.; Rafi, S.; Padmavathy, K. Tetrahedron 2008, 64, 8037-8043. (Review). 

9. Chun, Y. S.; Lee, S.-g.; Ko, Y. O.; Shin, H. Chem. Commun. 2008, 5098-5100. 





52 


Blum-Ittah aziridine synthesis 

Ring opening of oxiranes using azide followed by PPh 3 -rediiction of the interme¬ 
diate azido-alcohol to give the corresponding aziridines. 




n 3 


OH 

Regardless of the regioselectivity of the Sn 2 reaction of the azide, the ultimate 
stereochemical outcome for the aziridine is the same. 



R 1 

HO"( e ® 

>""N-N=N^.pp h 

R 2 


R 1 



°'v r>® 

"N-N=N-PPh 3 


HO' 


■N=N-N=PR 3 





proton 


transfer 


R 3 P—NH 


& 


0 

'NH 

R 2 

PPh 3 


N 

Z_A 

R 1 R 2 


Example l 3 


°L>C^ OTr 


1. NaN 3 , NH 4 CI, MeOH, reflux, 4 h 

2. Ph 3 P, CH 3 CN, reflux, 30 min. 

60-75% 


HN 


—OTr 


L>^ 


Example 2 5 



OTBS 


NaN 3 , NH 4 CI, MeOH 
reflux, 4 h, 50% 
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reflux, 99% 


Example 3 7 


Cbz' 




1. NaN 3 , NH 4 CI, MeOH, 3 h, 64 °C 



2. PPh 3 , MeCN, 1 h, reflux 
66 % 



Example 4 s 


NaN 3 , NH 4 CI 


microwave, 15 min. 
93% 


PPh 3 


CH 3 CN, reflux 
2 h, 95% 
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Boekelheide reaction 

Treatment of 2-methylpyridine A-oxide with trifluoroacetic anhydride, or acetic, 
anhydride gives rise to 2-hydroxymethylpyridine. 


TFAA 


0 


TFAA, trifluoroacetic anhydride 





Example 2 6 



Of-Bu 


1. TFAA, CH 2 CI 2 

2. Na 2 C0 3 , 3 h 

89% 



Of-Bu 


Example 3 8 


i. Ac 2 o, 100 °C, 18 h 


2. K 2 C0 3 , MeOH-H 2 0, rt, 2 h 
63% 
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Example 4 9 



References 

1. Boekellieide, V.; Linn, W. J. J. Am. Chem. Soc. 1954, 76, 1286—1291. Virgil Boekel- 
heide (1919—2003) was a professor at the University of Oregon. 

2. Boekellieide, V.; Harrington, D. L. Chem. lnd. 1955, 1423-1424. 

3. Katritzky, A. R.; Lagowski, J. M. Chemistry of the Heterocylic N -Oxides, Academic 
Press: NY, 1971. (Review). 

4. Newkome, G. R.; Theriot, K. J.; Gupta, V. K.; Fronczek, F. R.; Baker, G. R. J. Org. 
Chem. 1989, 54, 1766-1769. 

5. Katritzky, A. R.; Lam, J. N. Heterocycles 1992, 33, 1011-1049. (Review). 

6. Fontenas, C.; Bejan, E.; Haddou, H. A.; Balavoine, G. G. A. Synth. Commim. 1995, 
25, 629-633. 

7. Galatsis, P. Boekelheide Reaction. In Name Reactions in Heterocyclic Chemistry, Li, 
J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 340-349. (Review). 

8. Havas, F.; Danel, M.; Galaup, C.; Tisnes, P.; Picard, C. Tetrahedron Lett. 2007, 48, 
999-1002. 

9. Dai, L.; Fan, D.; Wang, X.; Chen, Y. Synth. Commun. 2008, 38, 576—582. 



56 


Boger pyridine synthesis 

Pyridine synthesis via hetero-Diels-Alder reaction of 1,2,4-triazines and dieno- 
philes (e.g., enamine) followed by extrusion of N 2 . 




Example 2, Intramolecular Boger pyridine synthesis 8 
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Example 3 10 




Example 4 11 
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Borch reductive amination 

Reduction (often using NaCNBH 3 ) of the inline, formed by an amine and a car¬ 
bonyl, to afford the corresponding amine—basically, reductive amination. 



Example l 4 




1. TiCI 4 , Et 3 N, CH 2 CI 2 , rt, 18 h 


2. NaCNBH 3 , MeOH, rt, 15 min. 
94% 



Example 2 5 




5 N HCI, NaCNBH 3 
MeOH, rt, 72 h, 75% 


Example 3 8 



0.3 equiv lnCI 3 


2 equiv Et 3 SiH 
MeOH, rt, 48 h, 66% 
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Example 4 9 



,OBn 


1. Nal0 4 , 8:2 acetone-H 2 0, rt 

2. BnNH 2 , MeOH, HOAc 
Ho, 3 A 

64% 



,OBn 
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Borsche-Drechsel cyclization 

Tetrahydrocarbazole synthesis from cyclohexanone phenylhydrazone. 
Cf Fischer indole synthesis. 





[3,3]-sigmatropic 

rearrangement 




Example l 6 



Example 2 10 



KOAc, h 2 o 


- 4 °C to rt 


retro-Claisen condensation 


followed by Japp-Klingemann 
hydrazone synthesis 
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Example 3 10 
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Boulton-Katritzky rearrangement 

Rearrangement of one five-membered heterocycle into another under thermolysis. 



Example l 4 



FqC 




NH 


Ph 


// w 

N N 
N 
H 

5% 


HCL 


Ph 


A, 


F 3 C N 


H 

92% 


Example 4' 



f-BuOK, DMF 
reflux, 2 h, 75% 
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Bouveault aldehyde synthesis 

Formylation of an alkyl or aryl halide to the homologous aldehyde by 
transformation to the corresponding organometallic reagent then addition of DMF 
(M = Li, Mg, Na, and K). 


1. M 

2. DMF 

R X R-CHO 

3. H* 



Example 3 
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Bouveault-BIanc reduction 

Reduction of esters to the corresponding alcohols using sodium in an alcoholic 
solvent. 


0 

Na, EtOH 


y 

R OEt 


R^OH 


o 



OEt 


single-electron 
transfer (SET) 


© 

O 

Os, 


r* 

H—OEt 


OEt 



ketyl (radical anion) 


OH 

R^OEt 
^ H-^Et 




© 

OEt 


x 

RM'OEt 


O 

JL 


0 

o 


H^OEt 


R * H 



OH 

R^H 

^H^OEt 


R OH 


Example 2 



Na, AI 2 O 3 
t-BuOH, Tol. 


reflux, 6 h, 66 % 



References 

1. Bouveault, L.; Blanc, G. Compt. Rend. Hebd. Seances Acad. Sci. 1903, 136, 
1676-1678. 

2. Bouveault, L.; Blanc, G. Bull. Soc. Chim. 1904, 31, 666-672. 

3. Rtihlmann, K.; Seefluth, H.; Kiriakidis, T.; Michael, G.; Jancke, H.; Kriegsmann, H. J. 
Organomet. Chem. 1971,27, 327—332. 

4. Seo, B.-I.; Wall, L. K.; Lee, H.; Buttrum, J. W.; Lewis, D. E. Synth. Commun. 1993, 
23, 15-22. 

5. Singh, S.; Dev, S. Tetrahedron 1993, 49, 10959-10964. 

6. Schopohl, M. C.; Bergander, K.; Kataeva, O.; Foehlich, R.; Waldvogel, S. R. Synthesis 
2003, 2689-2694. 


J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 32, 
© Springer-Verlag Berlin Heidelberg 2009 









66 


Bradsher reaction 

The intramolecular Bradsher cyclization refers to the acid-catalyzed aromatic 
cyclodehydration of ortho -acyl diarylmethanes to form anthracenes. On the other 
hand, the intermolecular Bradsher cycloaddition often involves the Diels-Alder 
reaction of a pyridium with a vinyl ether or vinyl sulfide. 



anthracene 



Example 1, Intramolecular Bradsher reaction 2 
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Example 3, Intermolecular Bradsher cycloaddition (DNP = dinitrophenyl) 8 



Example 4, Intermolecular Bradsher cycloaddition 10 



Ac 
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Brook rearrangement 

Rearrangement of a-silyl oxyanions to a-silyloxy carbanions via a reversible 
process involving a pentacoordinate silicon intermediate is known as the [1,2]- 
Brook rearrangement, or [l,2]-silyl migration. 

[l,2]-Brook rearrangement 


OH 

RLi 

o^ SiR3 

R, k 8iR > 


Rl ^Li 

r 2 






SiR 3 


© 




pentacoordinate silicon intermediate 


Q.SiPhs 

Ph-^© 

Ph VHtOH 


workup 


^SiPh : 

Ph-^k 

Ph 


[l,3]-Brook rearrangement 


OLi 



R 2 

[l,4]-Brook rearrangement 

OLi SiRo 

kA-V 



© 

0~SiR3 




Example l 6 


/? ^ rM 1.4 eq. NaHMDS, -30 to 15°C /=\ CN 

f-BuMe 2 Si'^J-^Y -► f-BuMe 2 SiO / '— 


Ph 2. PhCH 2 Br, -10 °C, 75% 


Ph Ph 
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Example 2, [l,2]-Brook rearrangement followed by a retro-[l,5]-Brook rear¬ 
rangement 8 


69 


f-BuLi, Et20 

Br ^[>v/ ph - 

-78 °C 


Li \l>^Ph 


O 

Me 3 Si^"Ph 


-78 °C to rt, 30 min. 
then NH 4 CI, H 2 0, 44% 



Example 3, [l,5]-Brook rearrangement 9 



KHMDS, THF 


- 78 °C, 1 h, 93% 



OTMS 


Example 4, Retro-[l,4]-Brook rearrangement 10 


TESO OTMS 
Me'^ x/ ^SnBu 3 


n-BuLi, THF 

- 78 °C, 30 min. 
91% 


TESO OH 

I X 

Me''^'"'TMS 
11% [1,2]-Brook 


Me' 


OH OTMS 


TES 


89% [1,41- 
Brook 
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Brown hydroboration 

Addition of boranes to olefins followed by alkalinic oxidation of the organoborane 
adducts to afford alcohols. 


1. R' 2 BH 


-- R' 

2. H 2 0 2 , NaOH 



( H 'B' R r. 

R 


- h 'b' R ' 

B ~R' 


syn- 


addition 



alkyl migration 



9 

O-OH 


.OR' 


B 

OR 1 



Example l 2 



Example 2 7 




40% 


OMe OMe 
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Example 3 8 


1. Pyridine-BH 3 , l 2 , CH 2 CI 2 , 2 h 

- 

2. H 2 0 2 , NaOH, MeOH, 92% 


OH 


Ph' 


Ph' 


15:1 


OH 


Example 4, Asymmetric hydroboration 10 



Example 5 11 



BH 3 -SM 2i THF; 


NaOH, H 2 0 2 
85% 


OH 

(f-Bu) 2 Si / NH 2 


Ph 


Ph OH 
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Bucherer carbazole synthesis 

Carbazole formation from naphthols and aryl hydrazines promoted by sodium bi¬ 
sulfite. Another variant of the Fischer indole synthesis. 





Example 2 J 
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Example 3 7 
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Bucherer reaction 

Transformation of (3-naphthols to p-naph thy I amines using ammonium sulfite. 





oso 2 nh 4 



Example 1 Although the classic Bucherer reaction requires high temperatures, it 
may be carried out at room temperature with the aid of microwave (150 watts): 7 



NH 3 , (NH 4 ) 2 S0 3 , H 2 0, rt 
microwave 30 min. 93% 



Example 2, Retro-Bucherer reaction 7 



NH, 


5 mol% Na 2 S 2 0 5 
H 2 0, reflux, 4 h; 


10 mol% NaOH 
reflux, 24 h 
46% 
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Example 3 s 
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Bucherer-Bergs reaction 

Formation of hydantoins from carbonyl compounds with potassium cyanide 
(KCN) and ammonium carbonate [(NFL^CCh] or from cyanohydrins and ammo¬ 
nium carbonate. It belongs to the category of multiple component reactions 
(MCRs). 


R 1 KCN 

/=0 

R 2 (NH 4 ) 2 C0 3 



(NH 4 ) 2 C0 3 = 2 NH 3 + co 2 + H 2 0 





Q=c=o 





N 



isocyanate intermediate 


Example l 5 




Example 2 6 
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Example 3 7 


o 



B(OH) 2 


o 


CH3 KCN, (NH 4 ) 2 C0 3 


EtOH/H 2 0 (1:1) 
60 °C, 4 h, 83% 



B(OH) 2 


O 


Example 4 9 


Eto 2 c^^ 


F . 
O 



2. KCN, (NH 4 ) 2 C0 3 , 60 °C, 5 days 
77% 


1. 1 M NaOH, EtOH, rt, 30 min. 



References 

1. Bergs, H. Ger. Pat. 566, 094, 1929. Hermann Bergs worked at I. G. Farben in Ger¬ 
many. 

2. Bucherer, H. T., Steiner, W. J. Prakt. Chem. 1934, 140, 291-316. (Mechanism). 

3. Ware, E. Chem. Rev. 1950, 46, 403^470. (Review). 

4. Wieland, H. In Houben—Weyl’s Methoden der organischen Chemie, Vol. X1/2, 1958, p 
371. (Review). 

5. Menendez, J. C.; Diaz, M. P.; Bellver, C.; Sollhuber, M. M. Eur. J. Med. Chem. 1992, 
27, 61-66. 

6. Dominguez, C.; Ezquerra, A.; Prieto, L.; Espada, M.; Pedregal, C. Tetrahedron: 
Asymmetry 1997, 5, 511—514. 

7. Zaidlewicz, M.; Cytarska, J.; Dzielendziak, A.; Ziegler-Borowska, M. ARKIVOC 
2004, Hi, 11-21. 

8. Li, J. J. Bucherer-Bergs Reaction. In Name Reactions in Heterocyclic Chemistry, Li, 
J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 266-274. (Review). 

9. Sakagami, K.; Yasuhara, A.; Chaki, S.; Yoshikawa, R.; Kawakita, Y.; Saito, A.; Ta- 
guchi, T.; Nakazato, A. Bioorg. Med. Chem. 2008, 16, 4359-4366. 

10. Wuts, P. G. M.; Ashford, S. W.; Conway, B.; Havens, J. L.; Taylor, B.; Hritzko, B.; 
Xiang, Y.; Zakarias, P. S. Org. Proc. Res. Dev. 2009, 13, 331-335. 




78 


f Buchner ring expansion 

Reaction of a phenyl ring with diazoacetic esters to give cyclohepta-2,4,6- 
trienecarboxylic acid esters. Intramolecular Buchner reaction is more useful in 
synthesis. Cf Pfau-Platter azulene synthesis. 



n/ 5 ^co 2 ch 3 


[Rh] 


n 2 T + 


[Rh^ co 2 ch 3 
rhodium carbenoid 



If 

[Rh] 


co 2 ch 3 


[2 + 2 ] 


cycloaddition 




COjCHo 


reductive 


k^>[Rh] 


elimination 



electrocyclic 
ring opening 



Example 1, Intramolecular Buchner reaction 7 


Rh 2 (OAc) 4 

CH 2 CI 2 




Example 2, Intramolecular Buchner reaction* 



Example 3, An intramolecular Buchner reaction within the Grubbs’ catalyst! 9 
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Example 4 10 
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Buchwald-Hartwig amination 

The Buchwald-Hartwig amination is an exceedingly general method for generat¬ 
ing an aromatic amine from an aryl halide or an aryl sulfonates. The key feature of 
this methodology is the use of catalytic palladium modulated by various electron- 
rich ligands. Strong bases, such as sodium tert-butoxide, are essential for catalyst 
turnover. 



Mechanism: 



The catalytic cycle is shown on the next page. 


Example l 3 


HN 


0.5 mol% Pd 2 (dba) 3 
2 mol% P(o-tol) 3 


NaOf-Bu, dioxane 
65-100 °C, 2-24 h 
18-79% yield 


R 1 = EWG or EDG 
amine = 2° cyclic or acyclic 
amine =1° aliphatic: low yield, unless R 1 ortho 
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Catalytic cycle: 


L n+ iPd(0) 


fc.ljj /<i 



R 3 


Pd(BINAP) 2 catalyzed 


-d[ArX] 

df 


- [ArX][Pd] 

k- i[L] 


Example 2 4 



X = Br or I 

R 1 = EWG or EDG 


5 mol% (DPPF)PdCI 2 
15 mol% DPPF 


NaOf-Bu, THF 
100 °C (sealed), 3 h 
80-96% yield 
(11 examples) 


amine = 2° acyclic (one example) 
amine = 1° aliphatic or aromatic 



4 ^5^"~PPh 2 

Fe 

^t^-"PPh 2 


DPPF 


Example 3, Room temperature Buchwald-Hartwig animation 9 


Br 


HN 


R 1 = EDG or EWG 


1-2 mol% Pd(dba) 2 
(f-Bu) 3 P (P/Pd = 0 . 8 / 1 ) 

NaOf-Bu, tol. 

22 °C,1-6 h 
81-99% yield 


amine = 2° cyclic or acyclic: aromatic, aliphatic, or azoles 
amine = 1° anilines: no aliphatic 
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Example 4 10 



/7-HexNH 2 


0.25 mol% Pd 2 (dba ) 3 
0.75 mol% rac-BINAP 


NaOf-Bu (1.4 equiv) 
tol.,80 °C, 18-23 h 
94% 



'/7-Hex 


Example 5 11 



0.5 mol% Pd 2 (dba ) 2 
1 mol% ligand 


1.4 eq. NaOf-Bu, Tol. 
100 °C, 24 h, 92% 



/- Bu 

/ 



Example 6 12 




Pd(OAc) 2 , Cs 2 C0 3 


DPE-Phos, Tol., 95 °C 
95% 



DPE-Phos = 



Example 7, Amination of volatile amines 14 



5 equiv R-|NHR 2 
5 mol% Pd(OAc ) 2 
10 mol% dppp 
2 equiv NaOf-Bu 


80 °C, 14 h, sealed tube 
55-98% 



Example 8 15 




1 mol% Pd(OAc ) 2 
2 mol% XPhos 


1.4 equiv NaOf-Bu 
toluene, rt, 4 d, 67% 
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Burgess reagent 


eft® 

CH 3 0 2 C-N-S-NEt 3 

o 


The Burgess reagent [(methoxycarbonylsulfamoyl)triethylammonium hydroxide 
inner salt], a neutral, white crystalline solid, is efficient at generating olefins from 
secondary and tertiary alcohols where the first-order thermolytic Ei (during the 
elimination takes place—the two groups leave at about the same time and bond to 
each other concurrently) mechanism prevails. 

Preparation 2 



MeOH, PhH CH 3°2 C * ° 


MeOH, PhH i .. 

-- N-S-CI - 

rt, 88-92% H O rt ’ 84 “ 86 % 


H 3 C-OH 


ch 3 o 2 c 



( 


:NEt 3 


e % 

CH 3 0 2 C-N-S-NEt : 

6 


:NEt 3 


Mechanism 


e 9 ® 

MeO 




O CQ 2 Me 


O C0 2 Me 

fast H Ph 


HNEt 3 
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Example 1, On primary alcohols, the hydroxyl group does not eliminate but rather 
undergoes substitution 3 




1.5 eq. Burgess, THF 
reflux, 1 h, 97% 



Example 3 7 


NC 

g__V"H Burgess reagent 
HO. : \ _ 


'OBn 


toluene, 50 °C, 60% 



Example 4 N 



2.5 equiv Burgess reagent 


THF/CH 2 CI 2 (4:1) 
reflux, 6 h, 86% 



OBn 

tx/p = (8:1) 


Example 5 10 








86 


References 

1 (a) Atkins, G. M„ Jr.; Burgess, E. M. J. Am. Chem. Soc. 1968, 90, 4744-4745. (b) 
Burgess, E. M.; Penton, H. R., Jr.; Taylor, E. A., Jr. J. Am. Chem. Soc. 1970, 92, 
5224-5226. (c) Atkins, G. M„ Jr.; Burgess, E. M. J. Am. Chem. Soc. 1972, 94, 6135- 
6141. (d) Burgess, E. M.; Penton, H. R„ Jr.; Taylor, E. A. J. Org. Chem. 1973, 38, 26- 
31. 

2 (a) Burgess, E. M.; Penton, H. R., Jr.; Taylor, E. A.; Williams, W. M. Org. Synth. Coll. 
Edn. 1987, 6, 788-791. (b) Duncan, J. A.; Hendricks, R. T.; Kwong, K. S. J. Am. 
Chem. Soc. 1990, 112, 8433-8442. 

3 Wipf, P.; Xu, W. J. Org. Chem. 1996, 61, 6556-6562. 

4 Lamberth, C. J. Prakt. Chem. 2000, 342, 518-522. (Review). 

5 Khapli, S.; Dey, S.; Mai, D. J. Indian Inst. Sci. 2001, 81, 461-476. (Review). 

6 Miller, C. P.; Kaufman, D. H. Synlett 2000, 8, 1169-1171. 

7 Keller, L.; Dumas, F.; D’Angelo, J. Eur. J. Org. Chem. 2003, 2488-2497. 

8 Nicolaou, K. C.; Snyder, S. A.; Longbottom, D. A.; Nalbandian, A. Z.; Huang, X. 
Chem. Eur. J. 2004, 10, 5581-5606. 

9 Holsworth, D. D. The Burgess Dehydrating Reagent. In Name Reactions for Func¬ 
tional Group Transformations', Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, 
NJ, 2007; pp 189-206. (Review). 

10 Li, J. J.; Li, J. J.; Li, J.; Trehan, A. K.; Wong, H. S.; Krishnananthan, S.; Kennedy, L. 
J.; Gao, Q.; Ng, A.; Robl, J. A.; Balasubramanian, B.; Chen, B.-C. Org. Lett. 2008, 10, 
2897-2900. 


87 


Burke boronates 



B-protected haloboronic acids Stable boronic acid surrogates 


Burke boronates can serve as B-protected haloboronic acids for a wide variety of 
applications in iterative cross-coupling. 1-6 The corresponding boronic acids can be 
liberated using mild aqueous bases such as NaOH or NaHC0 3 . 1-4 Burke boronates 
are also compatible with many synthetic reagents, enabling the synthesis of 
complex boronic acids from simple B-containing starting materials. 3,6 They can 
also serve as stable building blocks for cross-coupling, i.e., under aqueous basic 
conditions, the corresponding boronic acid is released and coupled in situ. 2 3 7 
Moreover, Burke boronates are highly crystalline, monomeric, free-flowing solids 
that are indefinitely stable to benchtop storage under air and compatible with silica 
gel chromatography. 1-3,6 

Preparation: 1,2,4,6 


\T 


Me 

rS 

ho 2 c co 2 h 

PhH:DMSO 10:1 
Dean-Stark 
99% 



Burke boronate 


^^TMS 


BBr 3 


CH 2 CI 2 


■%^BBr 2 


Me 

r N ^i 

NaOoC COoNa 


CH 3 CN 

86 % 

30 mmol scale 


MeN r 

Burke boronate 


Burke boronates can be conveniently prepared from the corresponding boronic ac¬ 
ids via complexation with A-rne t hy limino di ac e t i c acid (MIDA) 1,4 or from 
dibromoboranes via complexation with MIDA 2_ Na + 2 2,6 Alternatively, many of 
these building blocks are now commercially available. 
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Example l 2 

A wide range of selective couplings can be perforated at the halide terminus of a 
B-protected haloboronic acid. 


MeN- 

Suzuki coupling 


ph /^/B(OH) 2 

Pd(OAc) 2 

SPhos, KF 
PhMe, 23°C 
92 % 


MeO, 


TMS— 

Pd(PPh 3 ) 4 , Cul 

piperidine 

THF 

23 °C, 73% 



Stille coupling 


<^SnBu 3 

Pd 2 dba 3 , Fur 3 P 
DMF, 45 °C, 91% 




MeN 

J-o: 


Heck reaction 


MeO. 


O 


TMS 



MeN—\ 

b'o^o 

0^0 


PdCI 2 (CH 3 CN) 2 
SPhos, KOAc 
Me 

MeX-O, 


, :sf 

%t° 2phMe 

45 °C, 71% 


Sonogashira coupling 


MeN r 

V'b^^o 

Miyaura coupling 


Bu 3 Sn 


^''ZnCI 


Pd(OAc) 2 , PPh 3 
Et 3 N, DMF, 45 °C 
90% 


Pd(OAc) 2 , SPhos 
THF, 0 °C 
66 % 


Bu 3 Sn' 


Negishi coupling 


Example 2 2 

Small molecule natural products can be prepared via iterative cross-coupling with 
B-protected haloboronic acids. 



MeN 

Br^4°—O 


Pd(OAc) 2 , SPhos 
K 3 PO 4 ,Toluene 



23 °C, 78% 


1. aq. NaOH, THF, 23 °C 

2. Me H 


Br 


A;A n Pd(OAc ) 2 
u SPhos 


Me, Me 


Me H 



K 3 PO 4 , THF, 23 °C 
66 % over two steps 


Me 


all-trans-retinal 
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Example 3 3 4 5 6 7 

Burke boronates are stable to a wide range of synthetic reagents, including acids, 
non-aqueous bases, oxidants, reductants, electrophiles, and soft nucleophiles. This 
reagent compatibility enables multistep synthesis of complex boranes from simple 
boron-containing starting materials. 


Swern and then 



Example 4 1 2 

Burke boronates can be hydrolyzed in situ under aqueous basic coupling condi¬ 
tions, as evidenced by this synthesis of the complex polyene skeleton of ampho¬ 
tericin B. 
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Cadiot-Chodkiewicz coupling 

Bis-acetylene synthesis from alkynyl halides and alkynyl copper reagents. 
Cf. Castro-Stephens reaction. 


R 1 — X + Cu-^—R 2 -- R 1 —^—R 2 


R 1 = X + Cu-^—R 2 


oxidative 


addition 


X 

R 1 = Cu — R 2 


Cu(III) intermediate 


reductive 

-► CuX + R 1 —^—R 2 

elimination 


Example l 3 


-Br 


= \ 


OH 


cat. CuCI, NH 2 OH-HCI 

EtNH 2 , MeOH 
30-40 °C, 70-80% 




OH 


Example 2 7 


TBS— 



cat. CuCI, NH 2 OH-HCI 
30% n-BuNH 2 , H 2 0, 92% 


TBS——= 



Example 3 9 



CuBr, NH 2 OH-HCI 


piperidine, MeOH 
rt, 3.5 h, 80% 



n = 1 to 7 

n = 1,8% 
n = 2, 11% 
n = 3, 32% 
n = 4, 8% 
n = 5, 13% 
n = 6, 3% 
n = 7, 8% 


Example 4, Cadiot-Chodkiewicz active template synthesis of rotaxanes and 
switchable molecular shuttles with weak intercomponent interactions 10 
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Camps quinoline synthesis 

Base-catalyzed intramolecular condensation of a 2-acetamido acetophenone (1) to 
a 2-(and possibly 3)-substituted-quinolin-4-ol ( 2 ), a 4-(and possibly 3)-substituted- 
quinolin-2-ol (3), or a mixture. 



Pathway A: 



Pathway B: 
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Example 2 6 
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Cannizzaro reaction 

Redox reaction between aromatic aldehydes, formaldehyde or other aliphatic al¬ 
dehydes without a-hydrogen. Base is used to afford the corresponding alcohols 
and carboxylic acids. 


o 




o 

JL 


OH 


R OH 


Pathway A: 


1 


HO O® 

R V 


© 

OH 


© © 

o o 

R V 


OH 


hydride O 

© - 

H O \ transfer R'" V 'QJ 


Am r % 


R^OH + R^oe 


R OH 

Final deprotonation of the carboxylic acid drives the reaction forward. 


Pathway B: 


(5 



© 


hydride O 


HjPJ transfer R O 

R"T>© 


A e + R-^o c 


acidic 


-► A + r^oh 

workup ^ OH 


Example V 


CHO 



KOH powder 

100 °C, 5 min 
solvent-free 



41% 


38% 


Example 2 6 


CHO 


VO °- N 

Na / '—' 


THF, 0 °C, 5 h, 76% 


81% 


,OH 


76 % 
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Example 3 8 


0,N 


CHO lequivTMG 0 2 N 


H 2 0, rt, 10 h 


OH 


o 2 n 


co 2 h 


42% 


43% 


TMG = 1,1,3,3-tetramethylguanidine 


Example 4, Desymmetrization by intramolecular Cannizzaro reaction 


CHO 


ch 2 oh 


1 M BaCI 2 

H 2 0, reflux 
quant. 


CHO 


co 2 h 
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Carroll rearrangement 

Thermal rearrangement of (3-ketoesters followed by decarboxylation to yield y- 
unsaturated ketones via anion-assisted Claisen rearrangement. It is a variant of the 
Claisen rearrangement (page 117). 




[3,3]-sigmatropic 

rearrangement 



-C0 2 



keto-enol 


tautomerization 



Example 1, Asymmetric Carroll rearrangement 4 5 




Example 2, Hetero-Carroll rearrangement 6 
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Example 4, Similar to Example 3 7 




Example 5 s 
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Castro-Stephens coupling 


Aryl-acetylene synthesis, Cf. Cadiot-Chodkiewicz coupling and Sonogashira 
coupling. The Castro-Stephens coupling uses stoichiometric copper, whereas the 
Sonogashira variant uses catalytic palladium and copper. 



1: copper acetylide 2: sp 2 halide 


pyridine, A 


or: 

DMF, base, A 


R 1 = alkyl or aryl r2 = aty \ vjpy^ x = I, Br 



3: disubstituted alkyne 


R^CEC-Cu 


+ ligands i 
(solvent) L''''c 



L 



An alternative mechanism similar to that of the Cadiot-Chodkiewicz coupling: 


oxidative 

Ar-X + Cu-^—R- 

addition 


X reductive 

Ar—Cu—=—R- 

elimination 


CuX + Ar 


Cu(III) intermediate 


R 


Example 1, A variant, also known as the Rosenmund-von Braun synthesis of aryl 
nitriles 2 



CuCN 

1 -methyl-2-pyrrolininone 


170 °C, 3h, 55% 



Example 2 4 



CuS0 4 , nh 2 oh-hci 
aq. NH 3 , EtOH 


ca. 95% 




pyridine, A 
75% 
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Example 3 5 



Example 5, In situ Castro-Stephens reaction 10 
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Chan alkyne reduction 

Stereoselective reduction of acetylenic alcohols to fs-allylic alcohols using sodium 
bis(2-methoxyethoxy)aluminum hydride (SMEAH, also known as Red-Al) or Li- 
A1H 4 . 



NaAIH 2 (OCH 2 CH 2 OCH 3)2 in PhH 
Et 2 0, heat 





workup 



Example l 3 



UAIH4 

77% 


OH 



Example 2 4 



1.5 eq. Red-Al, -72 °C, 25 min. 


then 5 eq. I 2 , -72 to -10 °C, THF, 2 h 
78% 


OH I 

p h /^^C0 2 Me 


Example 3 6 


OH 


1. Red-Al, THF/PhMe 
'OTBDPS ~ 78 ° c t0 rt. 4 h 


OTBDPS 


2. NCS, -78 °C to rt 
65% 


OH Cl 


Example 4 7 


OMe 



Red-Al, EtoO 


0 °C, 80% 


OMe 



Me 


Me 
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Chan-Lam C-X coupling reaction 

Arylation of a wide range of NH/OH/SH substrates by oxidative cross-coupling 
with boronic acids in the presence of catalytic cupric acetate and either triethyl- 
amine or pyridine at room temperature in air. The reaction works for amides, 
amines, anilines, azides, hydantoins, hydrazines, imides, imines, nitroso, pyrazi- 
nones, pyridones, purines, pyrimidines, sulfonamides, sulfinates, sulfoximines, 
ureas, alcohols, phenols, and thiols. It is also the mildest method for N/O- 
vinylation. The boronic acids can be replaced with siloxanes or stannanes. The 
mild condition of this reaction is an advantage over Buchwald-Hartwig’s Pd- 
catalyzed cross-coupling. The Chan-Lam C-X bond cross-coupling reaction is 
complementary to Suzuki-Miyaura’s C-C bond cross-coupling reaction. 


cat. Cu(AcO) 2 

Ar-M + H-XR -- Ar-XR 

air 

M = B(OH) 2 , B(OR) 2 , B(OR) 3 - BF 3 - SnMe 3 , Si(OMe) 3 
X = N, O, S, Se, Te. 


B(OH) 2 


M 

HN-^ ^ 


cat. Cu(AcO) 2 
air, > 90% 



Example l la,d 



Mechanism: lc,d ’ 17 


H,C 


B(OH) 2 


Cu(OAc) 2 , pyridine 
rt, 48 h, air 
74% 




Cu(OAc) 2 , pyridine 


coordination and 
deprotonation 


+ pyridinium acetate 



AcOB(OH ) 2 + [ Cu "l 
- [Cu 1 ] 


reductive 


elimination 
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Example 2 4 



Example 4 13 



Example 5 14 


(HO) 2 B 


Cu(OAc) 2 /Et 3 N/Py 

1eq/3 eq/ 3 eq 
4 A MS, air 



93% (a-ester assistance, 
acetal lower yield, 
e.g., dimethyl acetal, 23%) 


Example 6 15 



C^B(OH) 2 


NaHMDS, Cu(AcO) 2 
DMAP, air, 95 °C 
93% 



0.1 eq Cu 2 0 
MeOH, air, rt 


92% 
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Chapman rearrangement 

Thermal aryl rearrangement of O-aryliminoethers to amides. 



Ar 


O 


N" 

i 

Ph 



Example l 2 



oxazete intermediate 



ci 

N^Ph 


NaOEt, EtOH/Et 2 0 


0 °C to rt, 48 h 




Example 2 4 



300 °c 


30 min., 87% 
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Example 3, Double Chapman rearrangement 10 



Example 4, Chapman-like thermal rearrangement 11 
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Chichibabin pyridine synthesis 

Condensation of aldehydes with ammonia to afford pyridines. 
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Example 2 8 


HO. 


XX 

Me''^N^(CH2)- / ^CHO 


Troc 



1. AcOH, rt, 1 d, 49% 


2. Zn, HCI, MeOH, 65 °C, 72% 



i ' ^io ^ < 

Troc Cl 


Example 3 9 



CH3CO2NH4, MeOH 
reflux, 4 h, 45% 



Example 4, An abnormal Chichibabin reaction 10 


1 equiv BnNH 3 CI 
|| X O 0.5 equiv Yb(OTf) 3 


H H 2 0/dioxane, rt, 65% 



dehydration 





Bn Ar 


- benzaldehyde 


[O] 


67c 



Bn Ar 
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Chugaev elimination 

Thermal elimination of xanthates to olefins. 



1. CS 2 , NaOH 

n. .s. 

A 

R""'' 

^.OH _ 2 _R ' 

2. CH 3 I 

/ 

i 

\ 

-- R^J + OCS + CH 3 SH 


xanthate 

R 



R'^5- + —- o=c=sT + CH 3 SHT 

H ''S— 

Example l 4 



Example 2 5 





Example 3, Chugaev .vv«-elimination is followed by an intramolecular ene reac¬ 
tion 6 
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Ciamician-Dennsted rearrangement 


Cyclopropanation of a pyrrole with dichlorocarbene generated from CHCI3 and 
NaOH. Subsequent rearrangement takes place to give 3-chloropyridine. 


n a chcis 

ft NaOH 

H 



Example l 4 


Example 2 5 


O 

CI 3 C-H 


V_a 


• h?o 


OH 


0 

CCI 2 

(c\ 


-Cl 


- :CCI 2 
carbene 
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Claisen condensation 

Base-catalyzed condensation of esters to afford (3-keto esters. 
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O 


0 

II 

R 2 T)R 3 

O 0 

R 2 ^y^'OR 1 

OR 1 

base 



R 



Example l 4 


Example 2 6 


Ph 


O Ph 


f-BuOK, solvent-free 


90 °C, 20 min., 84% 



Cbz 


H 

,N^C0 2 Me 


Ph 


3.5 eq. LDA, THF 
O -45 to -50 °C 

^ f-Bu - 

0 then H + , 97% 


Cbz' 



Ph^ 


Example 3, Retro-Claisen condensation 9 
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Example 4, Solvent-free Claisen condensation 10 


o 


KOf-Bu, 100 °C, 30 min. 


O O 



solvent-free, 51% 
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Claisen isoxazole synthesis 

Cyclization of (3-keto esters with hydroxylamine to provide 3-hydroxy-isoxazoles 
(3-isoxazolols). 





3-isoxazolol 


A side reaction: 





N-o 



r 2 

5-isoxazolone 


Example 1, A thio-analog 6 



1. aqueous NH 3 , 67% 


2. H 2 S, HCI, EtOH, 53% 
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Example 2 7 



o 

R^ci.py-. o°c 

74-100% 

For R = Ph: 


(PhCO) 2 0, DMF 

Meldrum’s acid 



HN 


,OBoc 


Boc 


53-91% 


O O 

r A^X n ,OBoc HCI 

Boc 76-99% 



R = Me, Et, /-Pr, cyclopropyl, 
cyclohexyl, Ph, Bn, neopentyl 


Example 3 8 


NH 2 OH-HCI, NaOH 


MeOH, -50 °C, 2 h 
then 85 °C, 1 h, 65% 
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Claisen rearrangements 

The Claisen, para -Claisen rearrangements, Bellus-Claisen rearrangement; Corey- 
Claisen, Eschenmoser-Claisen rearrangement, Ireland-Claisen, Kazmaier- 
Claisen, Saucy-Claisen; orthoester Johnson-Claisen, along with the Carroll rear¬ 
rangement, belong to the category of [3,3]-sigmatropic rearrangements. The 
Claisen rearrangement is a concerted process and the arrow pushing here is merely 
illustrative. 



A, [3,3]-sigmatropic 
rearrangement 





chair-like boat-like 


Example l 7 



Example 2 8 




1 mol% lr(PCy 3 ) 3 + 


PPh 3 , A, 50% yield 
syn.anti 95:85, 91% ee 
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Example 4, Asymmetric Claisen rearrangement 10 


o 


ch, o 


MeO 



cat, 7.5 mol% 
CF 3 CH 2 OH 



OMe 



2 + 


CH 2 CI 2 , rt, 12 h 


2 SbF f 


OBn 


98%, > 90% de, 99% ee 


Example 5, Asymmetric Claisen rearrangement 11 


o 



20 mol%, hexane, 8 days, 35 °C 


O CH 3 ch 3 


MeO' 



MeO' 




o 


73%, 96% ee 
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para-Claisen rearrangement 

Further rearrangement of the normal orf/w-Claisen rearrangement product gives 
the para -Claisen rearrangement product. 



Mechanism 1: 



Mechanism 2: 





Mechanism 3: 
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HO 


CO2M6 


PhNEt 2 

reflux 


Me Me 




Example 3 8 


Example 4 ln 
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Abnormal Claisen rearrangement 

Further rearrangement of the normal Claisen rearrangement product with the 
[3-carbon becoming attached to the ring. 



Example l 3 



PhNEt 2 , 230 °C 


5.5 h, 63% 



Me 

abnormal, 42% 



10 equiv HSi(NMe 2 )2 
PhNEt 2 , 230 °C 


8.0 h, 70% 




Me 

abnormal, < 1 % 



Example 2, Enantioselective aromatic Claisen rearrangement 4 




Et 3 N, -23 °C, 2 d 
92%, 95% ee 
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Example 3 5 




Example 5 7 
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Eschenmoser-Claisen amide acetal rearrangement 

[3,3]-Sigmatropic rearrangement of /V,0-kctcne acetals to yield y,8-unsaturated 
amides. Since Eschenmoser was inspired by Meerwein’s observations on the 
interchange of amide, the Eschenmoser-Claisen rearrangement is sometimes 
known as the Meerwein-Eschenmoser-Claisen rearrangement. 



(iVleO OMe 

v^y 

'"'^NMe 2 


OMe 
NMe 


°OMe 

2 


OMe 





[3,3]-sigmatropic 

rearrangement 



Example l 4 



CH 3 C(OMe) 2 NMe 2 


PhH, 100 °C,2h, 75% 
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Example 3 6 




Example 4 s 



5 eq. CH 3 C(OMe) 2 NMe 2 
xylene, reflux, 48 h, 50% 



C0 2 Me 
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Ireland-Claisen (silyl ketene acetal) rearrangement 

Rearrangement of allyl trimethylsilyl ketene acetal, prepared by reaction of allylic 
ester enolates with trimethylsilyl chloride, to yield y,8-unsaturated carboxylic 
acids. The Ireland-Claisen rearrangement seems to be advantageous to the other 
variants of the Claisen rearrangement in terms of E/Z geometry control and mild 
conditions. 


0 



A, 

LDA, then 

co 2 h 

Me 3 SiCI 






Example l 2 


LDA, TBSCI 

THF, reflux 
77% 


Example 2 3 





TIPSOTf, Et 3 N 
PhH, rt, 62% 



Example 3, Enantioselective ester enolate-Claisen Rearrangement 6 



o 


pentaisopropylguanidine, -94 to 4 °C 
86 %, dr > 98:2, > 98% ee 


■co 2 h 
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Example 4, A modified Ireland-Claisen rearrangement 8 




KHMDS, TMSCI, THF 


-78 to 25 °C, 1 h, 81% 


PMPO 
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Johnson-Claisen orthoester rearrangement 

Heating of an allylic alcohol with an excess of trialkyl orthoacetate in the presence 
of trace amounts of a weak acid gives a mixed orthoester. Mechanistically, the or¬ 
thoester loses alcohol to generate the ketene acetal, which undergoes [3,3]- 
sigmatropic rearrangement to give a y,8-unsaturated ester. 



OH CH(OR 2 ) 3 R2 QiOR : 


a 

^OR 2 


:B 


H + 


OR 2 


[3,3]-sigmatropic 
rearrangement ^ 


Example l 2 


OH 



CH 


CH 3 C(OEt) 3 
3 Et0O 2 H (cat.) 

xylene, A, 3 h 
72% 


. 4 




h 3 c 


OEt 

H 



COoEt 


Example 2 3 


TBSO 



TBSO 


MeC0 2 H (cat.) 

170 °C, 30 min THPO 
77% 



THPO 


OPh 


Ck 


OH 


Cl 


Cl 


CH 3 C(OCH 3 ) 3 , TsOH Cl J o 



OMe 


OTBS 


170 °C, 55% 


OTBS 
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Example 4 Q 


OMe 



OH 


CH 3 C(OCH 3 ) 3 
cat. CH 3 CH 2 C0 2 H 


reflux, 77% 



OMe 


OMe 


Example 5 10 



TBS^ OTBS 


pivalic acid 
xylene, 140 °C 
54%, E:Z > 95:5 


(EtO) 3 CCH 3 


Et0 2 C 
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Clemmensen reduction 

Reduction of aldehydes and ketones to the corresponding methylene compounds 
using amalgamated zinc in hydrochloric acid. 


o 

Zn(Hg) 

H H 

R ^ R1 

HCI 

R ^ 


The zinc-carbenoid mechanism: 


O Zn(Hg), HCI ® ZnC | 

Ph A CH 3 SET ph ^ CH3 

radical anion 


OZnCI 


Ph-l n CH 3 


Zn H H 

Ph'"'^'CH 3 Ph '"T' CH 3 


zinc-carbenoid 


The radical anion mechanism: 


HJ 


O Zn(Hg), HCI o ZnCI e e ;H ® OZnCI H ® 

SFT " Ph^CHs H) 


ffi 

i/OZnCI 
CH 3 


Ph CH 3 SET Ph^"^CH 3 

radical anion 


ci® 


Sm2 


Ph ^ CH 3 PIT • CH 3 


e 9 H® H H 
e ’ , V 

Ph^CH 3 


Example l 5 



Zn(Hg), HCI 

OH -> 

O MeOH, reflux, 1 h 

OH 



O + 
OH 


18% 



OH 


67 % 
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Example 2 6 
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Combes quinoline synthesis 

Acid-catalyzed condensation of anilines and (3-diketones to assemble quinolines. 
Cf. Conrad-Limpach reaction. 
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proton 

transfer 



Example l 6 




Example 2 7 


o o 

^ Ph 


cat. p-TsOH, 220 °C 
neat, 38% 




References 


1. Combes, A. Bull. Soc. Chim. Fr. 1888, 49, 89. Alphonse-Edmond Combes 
(1858—1896) was bom in St. Hippolyte-du-Fort, France. He apprenticed with Wurtz at 
Paris. He also collaborated with Charles Friedel of the Friedel-Crafts reaction fame. 
He became the president of the French Chemical Society in 1893 at the age of 35. His 
sudden death shortly after his 38 th birthday was a great loss to organic chemistry. 

2. Roberts, E. and Turner, E. J. Chem Soc. 1927, 1832-1857. (Review). 

3. Elderfield, R. C. In Heterocyclic Compounds, Elderfield, R. C., ed.; Wiley & Sons: 
New York, 1952, vol. 4, 36-38. (Review). 

4. Popp, F. D. and McEwen, W. E. Chem. Rev. 1958, 58, 321^401. (Review). 

5. Jones, G. In Chemistry of Heterocyclic Compounds, Jones, G., ed.; Wiley & Sons, 
New York, 1977, Quinolines Vol. 32, pp 119-125. (Review). 

6. Alunni-Bistocchi, G.; Orvietani, P., Bittoun, P., Ricci, A.; Lescot, E. Pharmazie 1993, 
48, 817-820. 

7. El Ouar, M.; Knouzi, N.; Hamelin, J. J. Chem. Res. (S) 1998, 92-93. 

8. Curran, T. T. Combes Quinoline Synthesis. In Name Reactions in Heterocyclic Chem¬ 
istry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 390-397. 
(Review). 






133 


Conrad-Limpach reaction 

Thermal or acid-catalyzed condensation of anilines with (3-ketoesters leads to qui- 
nolin-4-ones. Cf. Combes quinoline synthesis. 


o o 


Ph,0 


NH, 


OEt 260 °C 




proton 

transfer 



— h 2 


o 



Example l 3 
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Example 2 7 



Example 3 8 
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Cope elimination reaction 

Thermal elimination of TV-oxides to olefins and TV-hydroxyl amines. 
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rq 

H @N. 

R 12 R 3 
R 1 R 2 3 


A R . r3 OH 

Ei R^R 2 


Example 1, Solid-phase Cope elimination 5 



m-CPBA, CHCI 3 
rt, 67% 



Example 2 6 


OBn 


OBn 


OBn 


BnO. 


BnO 


OTBDPS 


N(CH 3 ) 2 


■CP BA BnO. 

BnO' 


CH 2 CI 2 , 0 °C 
83% 


OTBDPS 

,® 

N(CH 3 ) 2 


145 °C BnO. 


sO 


63% 


OTBDPS 


BnO 
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Example 4, Retro-Cope elimination 9 


NC H 


3TBDPS 

Ph 



x 


-78 °C, 3 h, then rt 


m-CPBA, K 2 C0 3 



x Me OTBDPS 
Ph 


elimination 


Cope 



MeOH, A, 5d ph n 
67%, 2 steps 



Ph n 



O' 


.Me OTBDPS 
Ph 

,N. 

HO Me 


5:2 


retro-Cope 

elimination 


Me 


OTBDPS 


OTBDPS 
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Cope rearrangement 

The Cope, oxy-Cope, and anionic oxy-Cope rearrangements belong to the cate¬ 
gory of [3,3]-sigmatropic rearrangements. Since it is a concerted process, the ar¬ 
row pushing here is only illustrative. This reaction is an equilibrium process. Cf. 
Claisen rearrangement. 



Example l 4 




Example 3 9 


C0 2 Me 

C0 2 Me 


dioxane, Et 3 N, 60 °C 


22 h, 1 bar, 92% 



x *C0 2 Me 

''C0 2 Me 


Example 4 1 " 



Example 5 11 



1,2-dichlorobenzene 
reflux, 95% 
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Example 6 12 



och 3 


OCH, 


H 3 CO. 


OCH 3 


2 . 1 , 2 -dichloro- 
benzene 
reflux, 80% 


1.HCI, MeOH H 3 CO 
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Anionic oxy-Cope rearrangement 




R - 

THF 




Example 1 
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Example 2 4 


OHC 



Example 3 5 



X = OCH 2 CH 2 TMS 0 °C; 71% 

X = SPh -78 °C; 85% 

Example 4 s 



Example 5 9 
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Oxy-Cope rearrangement 

While the anionic oxy-Cope rearrangements work at low temperature, the oxy- 
Cope rearrangements require high temperature but provide a thermodynamic sink. 


a, [3,3]-sigmatropic 
fp-p -- 

/^/ OH 

i , R 

_ tautomerize 

rearrangement 



Example l 2 



Example 3 4 



1. 170 °C 


2. p-TsOH-H 2 0 
65-75% 



Example 4 6 


OH 


xylene, Ace® tube 


225 °C, 24 h, 49% 
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Siloxy-Cope rearrangement 


OSiR. 




OSiR. 



Example 1 



OTMS 


Example 2 2 



TDSO O gn 


TDSC 



180 °C 


O' 


toluene, 3 h 
63% 


> 97:3 dr O' 


TDS = thexyldimethylsilyl 


Example 3 



AOM 


AOM =/t-Anisyloxymethyl = j3-MeOC 6 H 4 OCH 2 - 
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Example 4 4 
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Corey-Bakshi-Shibata (CBS) reagent 



The CBS (Corey-Bakshi-Shibata) reagent is a chiral catalyst derived from 
proline. Also known as Corey’s oxazaborolidine, it is used in enantioselective bo- 
rane reduction of ketones, asymmetric Diels-Alder reactions and [3 + 2] 
cycloadditions. 


Preparation 1 ’ 



The mechanism and catalytic cycle: 1,3 
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Example l 6 



0.1 eq. (S)-CBS 
1.0 eq. /-Pr(Et)NPh*BH 3 


THF, rt, syringe pump 
1.5 h, 98%, 97% ee 


OH 


SO2C6H4CH3-P 


(S)-Me-CBS = 



Example 2 9 



BH3*SMe2 
cat. (R)-Me-CBS 


CH 2 CI 2 , 30 °C 
84%, > 99% ee 



Example 3 11 


CO 0 CH 0 CF -4 


H Ph 


© / 

/y° 

o-Tol 


Ph 


Tf 2 N 


10 mol%, neat 
23 °C, 30 h, 97% 


O 

^~^j""^OCH 2 CF 3 
> 97% ee 



Example 4, Asymmetric [3 + 2]-cycloaddition 10 
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Corey-Chaykovsky reaction 

The Corey—Chaykovsky reaction entails the reaction of a sulfur ylide, either di- 
methylsulfoxonium methylide 1 (Corey’s ylide) or dimethylsulfonium methylide 
2, with electrophile 3 such as carbonyl, olefin, imine, or thiocarbonyl, to offer 4 as 
the corresponding epoxide, cyclopropane, aziridine, or thiirane. 




1 2 _ 3 


4 


X = o, ch 2 , nr 2 , s, chcor 3 , 
chco 2 r 3 , chconr 2 , chcn 


Preparation 1 


o 


NaH 




DMSO 


Mechanism 



Example l 11 



Example 2 9 



C0 2 Et 


Example 3 10 
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4 equiv 
(CH 3 ) 3 SOI 


n-BuLi, THF 
60 °C, 4 h 


Ph 



50% 




20 % 
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Corey-Fuchs reaction 

One-carbon homologation of an aldehyde to dibromoolefin, which is then treated 
with n-BuLi to produce a terminal alkyne. 


R-CHO 


CBr 4 , PPh 3 
Zn 


R 


Br 


n-BuLi 


H Br 


R — H 


BroO^-Br 


S n 2 q ® 

:PPh 3 -► CBr 3 + Br-PPh 3 


© 

Br-*-PPh 3 


Sm2 




5 CBr 3 


^©Br 

Br—^—PPh 3 
Br 


Sm2 


Br, 


O 

R^H R Br 


Br? 


-PPh 3 


0=PPh 3 


Br H Br 

Wittig reaction (see page 578 for the mechanism) 


Br 2 + Zn 


ZnBr 2 
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Example 2 7 



CBr 4 , Zn 
PPh 3 , quant. 



A?-BuLi 

75% 



Example 3 8 



1. CBr 4 , Ph 3 P, Zn, CH 2 CI 2 

2. n-BuLi, then NH 4 CI, 90% 



Example 4 10 


CHO 

CHO 


4 equiv CBr 4 
8 equiv PPh 3 
8 equiv Zn 


CH 2 CI 2 , 0 °C to rt 
3 h, 94% 
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Corey-Kim oxidation 

Oxidation of alcohol to the corresponding aldehyde or ketone using NCS/DMS, 
followed by treatment with a base. Cf. Swern oxidation. 



NCS, DMS 
then NEt 3 


O 



NCS = /V-ChIorosiiccinimide; DMS = Dimethylsulfide. 




(ch 3 ) 2 sT 


o 



Example 1, Fluorous Corey-Kim reaction 5 



CcF i 


NCS, toluene, -25 °C, 2 h 
then Et 3 N, 86% 



Example 2, Odorless Corey-Kim reaction 7 



OH 


0.5 eq. NCS, CH 2 CI 2 , -40 °C, 2 h 
then Et 3 N, -40 °C to rt, 8 h 




D 


86 % 
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Example 3 9 
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Corey-Nicolaou macrolactonization 

Macrolactonization of co-hydroxyl-acid using 2,2'-dipyridyl disulfide, 
known as the Corey-Nicolaou double activation method. 




2-pyridinethione 


Example l 3 
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Example 2 6 
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Corey-Seebach reaction 

Dithiane as a nucleophile, serving as a masked carbonyl equivalent. This is an ex¬ 
ample of umpolung. 



Example l 2 


Example 2 4 




ph ^§A 


n-BuLi, THF, -78 to 0 °C 


Example 3, Ethyl is infinitely different from methyl 6 
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Example 4 s 





NHTfa 


n-BuLi, THF HO^ 


-10 °C, 78% BnO' rr^OBn 
OBn 54% 

Tfa = Trifluoroacetyl 




Ra-Ni, EtOH 
reflux, 71% 
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Corey-Winter olefin synthesis 

Transformation of diols to the corresponding olefins by sequential treatment with 
l,r-thiocarbonyldiimidazole (TCDI) and trimethylphosphite. Also known as 
Corey-Winter reductive elimination, or Corey-Winter reductive olefination. 



TCDI = Thiocarbonyldiimidazole 



R^-O 


.o 


2^' 


:P(OMe) 3 


R^-o 


I U 1 

o 


P(OMe) 3 


l,3-dioxolane-2-thione (cyclic thiocarbonate) 


^■P(OUe) 3 

0 ( o 

\k? 

R i^C> p ( OMe >3 


S=P(OMe) 3 + ^^^P(OMe) 3 


R, M 


Q 


„)^P(OMe) 3 


0=C=OT + P(OMe) 3 


A mechanism involving a carbene intermediate can also be drawn and is supported 
by pyrolysis studies: 



:P(OMe) 3 


R 1 0 


STP(OMe) 3 


S=P(OMe) 3 



:P(OMe) 3 


R^-O ® 
J>>/“P(OMe) 3 

R^O 
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( -o 

9 


:P(OMe) 3 + o=C=OT 



Example 3 8 



Single olefin isomer 
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Example 4 9 

h 3 co, 

o 

sX 


CH, 


O 
O'CH, 


P(OMe) 3 



CH 3 120 °C, 66% 


H 3 C och 3 



Example 5 


OAc 


S 

X 

„OH CI^OAr(F)s 


OAc 


/ pyridine, DMAP 

AcO OH 23 °C, 5 h, 78% Acl 





Ph 

'N' P "N ^ n3 


H 3 C..,,Px.,.CH 3 ? Ac 


THF, 40 °C 
4 h, 65% 



AcO 


Example 6 


OH 




Ph 


CbzHN_ 

Ph" 


TCDI, THF 

'NHCbz - 

OH 70 °C 



Ph 

NHCbz 


P(OEt) 3 , "160 °C CbzHN^^A NHcbz 


77%, 2 steps 


Ph" 
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Criegee glycol cleavage 

Vicinal diol is oxidized to the two corresponding carbonyl compounds using 
Pb(OAc) 4 , (lead tetraacetate, LTA). 


HO OH \ r\ 

R 1 M R 3 pb (° Ac >y 5 

R 2 R 4 R^R 2 


o 

Jb + Pb(OAc) 2 + 2 HOAc 
R R 


AcO- L Pb(OAc) 3 


HO OH 



(oAc 

(AcO) 2 Pb^*~N 

HOAc + O OH 



HOAc 


Ac0. r 


OAc 


Pb 
O'- 4 70 

R 1 P ( R 3 
R 2 R 4 


O 

R^R 2 


O 

I + Pb(OAc) 2 
R 3 ^R 4 


An acyclic mechanism is possible as well. It is much slower than the cyclic 
mechanism, but is operative when the cyclic intermediate can not form: 3 



AcO 



HOAc 


Example l 7 



Pb(OAc) 4 , K 2 0O 3 


PhH, 0 °C, 80% 
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Example 2 9 




Pb(OAc) 4 , PhH 
rt, 1.5 h, quant. 



Example 4 11 


OMe 


OH OH 


HO 


Me 


Me Me Me MeMe OH 


Pb(OAc) 4 , EtOAc 


0 °C, 5 min., 99% 


OMe OH O 



Me Me Me Me 
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Criegee mechanism of ozonolysis 




1,3-dipolar 


0A0 


cycloaddition 

primary ozonide (1,2,3-txioxolane) 



1,3-dipolar 
cycloaddition 


0-0 



zwitterionic peroxide secondary ozonide (1,2,4-trioxolane) 

(Criegee zwitterion) 

also known as “carbonyl oxide” 


Example l 7 



0 3 , EtOAc, -78 °C, then 


Ac 2 0, Et 3 N, DMAP, 
-78 °C to rt, 75% 



Example 2 8 



0 3 , CH2CI2 


-70 °C 



/—C0 2 Me 
—-C0 2 Me 
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Curtius rearrangement 

Alkyl-, vinyl-, and aryl-substituted acyl azides undergo thermal 1,2-carbon-to- 
nitrogen migration with extrusion of dinitrogen — the Curtius rearrangement — 
producing isocyantes. Reaction of the isocyanate products with nucleophiles, of¬ 
ten in situ, provides carbamates, ureas, and other /V-acyl derivatives. Alterna¬ 
tively, hydrolysis of the isocyanates leads to primary amines. 



o 

Nu-H 

X Heat ,p p ^ 

x 

R-N Nu 

H 

R N 3 Curtius R-N 


Rearrangement H 2 0 

-C0 2 

R—NH 2 


The thermal rearrangement: 


a h 2 0 

1 . ‘"~' 3 . U -- N 2 T + R-N=c=0 —-—* R—NH 3 + C0 2 T 

R^CI R N 3 


1 

R \^CI 

© 


AX 


n 3 


R R'^ V N 


O _ o 

X., = 


3 R N—N—N 


O 

Jlf© © 
RVn^NEN 


U®. 

A. 

A » R—N—C=0 

-»- N 2 1 + , 


NOH;, 

isocyanate intermediate 


R 'V°x 

O V :B 


R-NH 2 + co 2 t 


The photochemical rearrangement: 


o 


n 2 T + X 

R N: 


Nitrene 




R-NH 2 + C0 2 t 
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Example 1, The Shioiri-Ninomiya-Yamada modification’ 


HO 


o % 

H 

no 2 

DPPA, Et 3 N X 

PhH, A 21 X 

21 V 



Y/° 


then MeOH, A CK .NH 
89% ^ 


NO, 


OMe 


DPPA = diphenylphosphoryl azide 


Example 2 3 



DPPA, Et 3 N, f-BuOH 


BocHN- 


OO2MG 


80 °C, 16 h, 64% 



Example 3 4 


>CyC c °2 H 

0-0 


_ BO(CO)a ^ NaN ^ X~K"NHC0 2 Et 

EtOH, PhH, reflux, 55% 0-0 


Example 4, The Weinstock variant of the Curtius rearrangement 6 


COOH 



Me 


O 

x 

Cl^xDEt 

/-PrNEt 2 , acetone, 0 °C 

then NaN 3 , rt, 12 h 
75% 


Example 5 7 




1. n-Bu 3 SnN 3 
PhBr, 0 °C to RT 
30 min., 97% 


Ph. .NHBoc 


VI 2. f-BuOH/o-xylene 

\ 


\J A, 6 h, 77% 


(2 
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Example 6, The Lebel modification 8 


OMPM 




OBn 
(2 equiv) 


2 equiv DPPA 
0.1 equiv Ag 2 C0 3 
2 equivK 2 C0 3 


PhH, A, 16 h, 81% 
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Dakin oxidation 

Oxidation of aryl aldehydes or aryl ketones to phenols using basic hydrogen per¬ 
oxide conditions. Cf. A variant of Baeyer-Villiger oxidation. 



ho H h° 


workup 


HO A\ /r 0H 


Example l 6 


OBn 

/CHO 

|| 2.5 eq. 30% H 2 0 2 


OBn 


^co 2 h 

NHCQ 2 f-Bu 


4% (PhSe) 2 
CH 2 CI 2 , 18 h 



'CHO 


C0 2 H 

NH0O 2 f-Bu 


NH 3 , MeOH 
1 h, 78% 


OBn 


^OH 

,co 2 h 

NH0O 2 f-Bu 


Example 2 7 


jfY 

HO^ 


QUO urea-hydrogen peroxide (UHP) 

solvent-free, 55 °C, 3 h, 83% |_|q 


OH 


Example 3, Improved solvent-free Dakin oxidation protocol 9 


MeO-^^r^^CHO 1.5 equiv m-CPBA, neat, 5 min. MeO. 

J then 10% aq. NaOH 

Bn0 85% 


BnO 


XX 


OH 
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Example 4 10 
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Dakin—West reaction 

The direct conversion of an a-amino acid into the corresponding a-acetylamino- 
alkyl methyl ketone, via oxazoline (azalactone) intermediates. The reaction pro¬ 
ceeds in the presence of acetic anhydride and a base, such as pyridine, with the 
evolution of C0 2 . 




oxazolone (azalactone) intermediate 



G o 

-C0 2 tautomerization p 

o 

■A 


1 V? 

X 

o 

/>— 

— X 



HN^.0 H 


NHAc 

Example l 6 

Me^C0 2 H 

Ac 2 0, AcOH, Et 3 N 

Me ^Me 

NHAc 



nh 2 

DMAP, 50 °C, 14 h, > 90% 



Example 2 7 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 73. 
© Springer-Verlag Berlin Heidelberg 2009 










168 


Example 3, Green Dakin-West reaction using the heteropoly acid catalyst, ace¬ 
tonitrile is a reactant 9 



ch 3 cn, h 3 pw 12 o 40 


ch 3 coci 

rt, 60 min., 75% 



NHAcO 


Example 4, Acetonitrile is a reactant 10 



ch 3 cn 

10 mol% Ln(OTf ) 3 


CH 3 COCI, reflux 
78-87% 
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Darzens condensation 

a, (3-Epoxy esters (glycidic esters) from base-catalyzed condensation of 
a-haloesters with carbonyl compounds. 


x 


r co 2 Et 


o 



°OEt 


O 

rV^Vr 

R 2 C0 2 Et 


OEt 


OEt 


Co 


U e 

x R1 / R2 , R Aj.R intram °' ecular r-Ar 

R /W>OEt A^C0 2 Et S n 2 R 2 C0 2 Et 

(p ^ 

© 


Example l 4 


Example 2 6 


Example 3 9 


Ck .COoEt 


f-BuOK, f-BuOH 


10 °C, 85-95% 


CO,Et 


H 3 C 

f-BuMe 2 Si 


Br 


LDA, THF, 

-78 °C then H 3 C 



PhCHO, -90 °C t-BuMe 2 Si H 

66 %, 90% de 


NPh 2 
X = Cl, Br, I 


O 



Solid MOH, M = Na, K, Rb 
CH 2 CI 2 , 4-24 h, rt 


O 

A 

Ar^XONPh 2 
ee up to 50% 

O 

Ar' XONPh 2 
ee up to 43% 
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Example 4, the phenyl ring substituting for the carbonyl to acidify the protons 10 
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Delepine amine synthesis 

The reaction between alkyl halides and hexamethylenetetramine, followed by 
cleavage of the resulting salt with ethanolic HC1 to yield primary amines. 

Cf. Gabriel synthesis, where the product is also an amine and Sommelet reaction, 
where the product is an aldehyde. The Delepine works well for active halides 
such as benzyl, allyl halides, and a-halo-ketones. 


Ar'" 

+ V 1 

r N ., X® 



X Nl_N 





b-N—/ 

b-N-V 




hexamethylenetetramine 

[ArCH 2 C 6 H 12 N 4 ] + X - + 3 HCI +6 H 2 0 

—» ArCH 2 NH 2 -HX + 6 CH 2 0 + 3 NH 4 CI 


N I—-N:^ 
4-N -V 

Ar' 


Sn2 


r N^ 

Ob* 

4-N-V® 


H 2 0: 


® 


J 


Nl_-N- 

4-N 


Ar 


Example l 3 


Example 2 7 




Nl__ 

b-N-V® 


O 

CH 2 + 


a 


N I—-N- 


Ar 


Ar' 


NH 3 


Br 


1. (CH 2 ) 6 N 4 , NaHC0 3 
O 15 h, EtOH, H 2 0 


OH 2. HCI, EtOH, reflux, 15 h, 85% H 2 N 


OH 



hexamethylenetetramine 


CH 2 CI 2 , refux, 5 h, then 
-30 °C 
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Example 4 Q 


hexamethylenetetramine 
CHCI 3 , rt, 18 h 


48% HBr 
CH 3 OH, rt, 5 d 


89% 2 steps 
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de Mayo reaction 

[2 + 2]-Photochemical cyclization of enones with olefins is followed by a retro- 
aldol reaction to give 1,5-diketones. 



Head-to-tail alignment gives the major product: 



Head-to-head alignment gives the minor regioisomer: 



Example l 3 



1. hv, cyclohexane, 83% 


2. H 2 (3 atm), Pd/C (10%) 
HOAc, rt, 18 h, 83% 
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Example 2 6 




Example 4 



R = f-Bu 


72% 
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Demjanov rearrangement 

Carbocation rearrangement of primary amines via diazotization to give alcohols 
through C—C bond migration. 


Q 

HN0 2 Q + f^V-OH 

^nh 2 

^—OH 


H ® 

2HO'% — h^N 

® 




N N 


O- Co„ *o 

N N -HN0 2 ^-\ 


NH, 


Nj?-N=0 

H 


HoO 


N = N-OH 


N=N t OH 2 


N=N 



H 

I 



Example l 3 



NaN0 2 , HOAc 


100 °C, 2h 



30% 


16 % 


Example 2 6 



h NaN0 2 , AcOH/H 2 0 


100-110 °C, 2h, 61% 


H- -OH 
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Example 3 7 


o 




0.25 M H 2 S0 4 /H 2 0 


NaN0 2 , O^t °C 


Example 4 s 


MeO 



5 equiv NaN0 2 
5 equiv AcOH 
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Tiffeneau-Demjanov rearrangement 

Carbocation rearrangement of (3-aminoalcohols via diazotization to afford car¬ 
bonyl compounds through C—C bond migration. 



Step 1, Generation of N 2 0 3 


HO 





ryN^ 
H 2 0 "O 


- h 2 o 

-H®' 


, 0 „ C.O 

N N 


Step 2, Transformation of amine to diazonium salt 



Step 3, Ring-expansion via rearrangement 


OH ®'*N 
0 ^ 




Example l 5 


NaN0 2 , H 2 0 


AcOH, 0 °C, 
then rt-60 °C 



76% yield 
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Example 2 6 



Example 3 7 


Example 4 Q 



NaN0 2 , Ac0H/H 2 0, 0 °C, 1 h 


then reflux 1 h, 98% 



NaN0 2 

AcOH 



28% 
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Dess-Martin periodinane oxidation 

Oxidation of alcohols to the corresponding carbonyl compounds using triace- 
toxyperiodinane. The Dess-Martin periodinane, l,l,l-triacetoxy-l,l-dihydro-l,2- 
benziodoxol-3(l//)-one, is one of the most useful oxidant for the conversion of 
primary and secondary alcohols to their corresponding aldehyde or ketone prod¬ 
ucts, respectively. 



Preparation, 1 ’ 2 The oxone preparation is much safer and easier than KBr0 3 . The 
IBX intermediate that comes out of it has proven to be far less explosive 12 



KBr0 3 H 2 S0 4 93% 

9 

HO © O 

✓Of 

or 1.3 equiv Oxone 

OQ° 

H 2 0, 70 °C, 3 h 
79-81% 

IBX 


Ac 2 0, 0.5% TsOH 


80 °C, 2h, 91% 



However, The Dess-Martin periodinane is hydrolyzed by moisture to o- 
iodoxybenzoic acid (IBX), which is a more powerful oxidating agent ’ 



Mechanism 1 



o 
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Example l 6 




o 


ch 2 ci 2 , 2 h, 67% 



Example 2, An atypical Dess-Martin periodinane reactivity 7 




o 


NaN 3 , CH 2 CI 2 
0 °C, 3 h, 86% 



Example 3 10 




Example 4 11 



Dess-Martin periodinane 


CH 2 CI 2 , rt, 2 h, 90% 



TDS = Thexyldimethylsilyl 
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Dieckmann condensation 

The Dieckmann condensation is the intramolecular version of the Claisen conden¬ 
sation. 



W“ 

H 


f^COjEt 
H 

Va 

C 

Example 1 


OEt 

1 6 


enolate 

formation 



5-exo-trig 
OEt ring closure 

Cg 


OBn 


Me0 2 C 

r 

mbo 2 c 


OTBS 


NaHMDS, THF 


-78 °C, 58% 


C0 2 Et 


O 

0O 2 Et 


OBn 


"OTBS 


Me0 2 C 


Example 2 s 


1. f-BuOK, Tol., reflux, 5 min. 


2. 18 N H 2 S0 4i THF, 4h 
61% for two steps 


Example 3 9 




Ar 


o 



o 


3 equiv KOf-Bu, DMF 


0 °C, 30-90 min., 75-88% 
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Example 4 10 
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Diels-Alder reaction 

The Diels-Alder reaction, inverse electronic demand Diels-Alder reaction, as well 
as the hetero-Diels-Alder reaction, belong to the category of [4+2]-cycloaddition 
reactions, which are concerted processes. The arrow pushing here is merely illus¬ 
trative. 



diene dienophile adduct 


EDG = electron-donating group; EWG = electron-withdrawing group 


Example l 6 



t 


OAc 


The Danishefsky diene 


Alder’s endo rule 



OMe 


OMe 


4:1 a-OMe : (3-OMe 


Example 2, Intramolecular Diels-Alder reaction 7 



O 


H 
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Example 3, Asymmetric Diels-Alder reaction 5 ' 8 



H Ph 

(li-p™ 

V-IM. ,0 
Br3AI ' e I .ch 3 


CO 9 CH 9 CF 0 


4 mol%, CH 2 CI 2 
-78 °C, 12 h, 99% 


O 

X 


OCH 2 CF 3 


94% ee 

90:10 endo.exo 


Example 4, Retro-Diels-Alder reaction 4 ’ 9 



MeAICI 2 , maleic anhydride 


CH 2 CI 2 , fi-wave, 110 °C 
1 min., 74-84% 



Example 5, Intramolecular Diels-Alder reaction 11 



Me 2 AICI, CH 2 CI 2 


-78 to-30 °C, 71% 
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Inverse electronic demand Diels-Alder reaction 



Example l 2 


Me 




110 °C, 48 h 
76% 2 steps 


OH 


98% dr, 95% ee 


Example 2 



@ Mes 

=N 0 


O 
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Example 3, Catalytic asymmetric inverse-electron-demand Diels—Alder reaction 4 



OEt 

5 equiv •— / 

10 mol% Ni(CI0 4 ) 2 -6H 2 0 
10 mol% DBFOX-Ph 


S0 2 Ar 



,,OEt 


CH 2 CI 2 , rt, 73% yield 


Ph 


97:3 endo/exo 
88 % ee 




EWG = CONEt 2 , C0 2 Et, 
COR, S0 2 Ph, CN, Aryl 
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Hetero-Diels-Alder reaction 

Heterodiene addition to dienophile or heterodienophile addition to diene. Typical 
hetero-Diels-Alder reactions are aza-Diels-Alder reaction and oxo-Diels-Alder 
reaction. 
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Example 1, Heterodienophile addition to diene 1 



toluene 


110 °C, 60% 



Example 2, Similar to the Boger pyridine synthesis (see page 59) 2 


MeO 

MeO 


OMe 

OMe 


C0 2 Me 

N^N 

NyN 

C0 2 Me 


Me0 2 C 


CHCI 3 , reflux 


5 days, 65% 


Me0 2 C 



C0 2 Me 

C0 2 Me 


N-N 


Example 3, Using the Rawal diene 4 



Rawal diene 


Example 4, Also similar to the Boger pyridine synthesis 6 




A or MW 



n= 1, 75% 
n = 2, 65% 
n = 3, 54% 
n = 4, 30% 
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Example 5 7 


Eto 



o 


'OEt Me 3 



. 'CMe 3 EtO,„ 



O 


OEt 


OTf 2 mol% 


Me 


3 A MS, THF, 0 °C, 87% 


: 24:1 endo/exo 

Me 97% ee 


References 

1. Wender, P. A.; Keenan, R. M.; Lee, H. Y. J. Am. Chem. Soc. 1987, 109, 4390-4392. 

2. Boger, D. L. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I., Eds.; 
Pergamon, 1991, Vol. 5, 451-512. (Review). 

3. Boger, D. L.; Baldino, C. M. J. Am. Chem. Soc. 1993, 115, 11418-11425. 

4. Huang, Y.; Rawal, V. H. Org. Lett. 2000, 2, 3321-3323. 

5. Jorgensen, K. A. Eur. J. Org. Chem. 2004, 2093-2102. (Review). 

6. Lipinska, T. M. Tetrahedron 2006, 62, 5736-5747. 

7. Evans, D. A.; Kvaerno, L.; Dunn, T. B.; Beauchemin, A.; Raymer, B.; Mulder, J. A.; 
Olhava, E. J.; Juhl, M.; Kagechika, K.; Favor, D. A. J. Am. Chem. Soc. 2008, 130, 
16295-16309. 



190 


Dienone-phenol rearrangement 

Acid-promoted rearrangement of 4,4-disubstituted cyclohexadienones to 3,4- 
disubstituted phenols. 




R R 

Example l 4 



Example 2 5 



Example 3 9 
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Example 4 10 
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Di-7U-methane rearrangement 

Conversion of 1,4-dienes to vinylcyclopropanes under photolysis. Also known as 

the Zimmerman rearrangement. 



1,4-diene 


vinylcyclopropane 



diradical diradical 


Example 1, Aza-n-mcthanc rearrangement 2 



hv, acetophenone 
benzene, 86 % 



Example 2 4 



Example 3 8 


x 

hv, 300 nM 
CH 3 COCH 3 


n v 23-64% a 

°2 X 0 2 

X = CH 3 , CH 2 Ph, COCMe 3 , C0 2 CH 2 Ph 
SiMe 3 , SnBu 3 , SePh, = (CH 2 ) 3 CH 3 
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Example 4, Oxa-rt-methane rearrangement 8 



hv, acetone 
Pyrex, 76% 



MeH 
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Doebner quinoline synthesis 

Three-component coupling of an aniline, pyruvic acid, and an aldehyde to provide 
a quinoline-4-carboxylic acid. 




Example l 2 
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Example 3, Combinatorial Doebner reaction 7 
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Doebner-von Miller reaction 


Doebner—von Miller reaction is a variant of the Skraup quinoline synthesis (page 
509). Therefore, the mechanism for the Skraup reaction is also operative for the 
Doebner-von Miller reaction. The following mechanism is favored by Denmark’s 
mechnistic study using 13 C-labelled a,(3-unsaturated ketones. 9 




Example 2 6 


F 




6 N HCI, To!. 
100 °C, 2 h, 70% 
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Example 3, A novel variant 10 



2 equiv 


B(OH) 2 


+ 



R 2 3% [RhCI(cod)]2 


then 10% Pd/C 
air, reflux, 4 h 
42-96% 


KOH, rt, 24 h 
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Dotz reaction 

Cr(CO) 3 -coordinated hydroquinone from vinylic alkoxy pentacarbonyl chromium 
carbene (Fischer carbene) complex and alkynes. 




Example l 5 



Example 3 8 


MOMO OMe 

> Cr(CO) 5 



MOMO 
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Example 3 8 




1.1.5 equiv f-BuLi, THF, -78 °C 

2. 1.02 equiv Cr(CO) 6 . THF 
-78 °C to rt 

MeCC^ 

Cr(CO) 5 

A 

y OEt 

3. 1.02 equiv Et 3 OFB 4 , rt 

29% 

MeO''' 

OMe 
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Dowd-Beckwith ring expansion 

Radical-mediated ring expansion of 2-halomethyl cycloalkanones. 



NC 


c£n=n^ 


CN 


homolytic 

cleavage 


Not 


2,2'-azobisisobutyronitrile (AIBN) 
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Dudley reagent 



The Dudley reagents are employed for the protection of alcohols as benzyl 1 or 
PMB 2 ethers, respectively, under mild conditions. Carboxylic acids are readily 
protected as well. ’ Activation of the appropriate Dudley reagent in the presence of 
an alcohol furnishes the desired arylmethyl ether. The benzyl reagent is activated 
upon warming to approximately 80-85 °C, whereas activation of the PMB reagent 
occurs at room temperature upon treatment with methyl triflate (CH 3 OTf) or protic 
acid. 4 Aromatic solvents, most commonly trifluorotoluene, often provide the best 
results. Magnesium oxide (MgO) is typically included in the reaction mixture as 
an acid scavenger. 5 For benzylation of carboxylic acids, triethylamine (Et 3 N) is 
used in place of MgO. 3 

Preparation: 1-3 



The Dudley reagents are conveniently prepared from readily available starting ma¬ 
terials and are indefinitely stable to storage and handling under standard laboratory 
conditions. Alternatively, both reagents are commercially available. 

Example l 6 



Dudley benzyl reagent, MgO 
PhCF 3 , 85 °C, 24 h, 96% 
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Benzylation of a monoacetylated diol is shown in Example l. 6 The Dudley benzyl 
reagent was uniquely effective for protection of the free alcohol without loss 
and/or migration of the labile acetyl group. 

Example 2 1 2 3 

Dudley PMB reagent 
CH 3 OTf, MgO 

PhCF 3 , rt, 1 h, 80% 

PMB-protection of a (3-hydroxysilane can be accomplished without competition 
from the Peterson elimination (Example 2), 2 which would occur under the basic or 
acidic conditions required for many other alkylation reactions. 

Example 3 4 5 6 7 


OPMB 

ph /^A^ Si <CH 3 ) 3 


OH 

p h /^A/Si(CH 3 ) 3 



Dudley PMB reagent, CSA 


CH 2 CI 2 , rt, 72 h, 85% 



The Dudley PMB reagent can also be activated under mildly acidic conditions us¬ 
ing catalytic camphorsulfonic acid (CSA) in lieu of CH 3 OTf (Example 3). 4 

Example 4, In sitw-formation of the Dudley benzyl reagent is achieved by treating 
a mixture of an alcohol and 2-benzyloxypyridine with GH 3 OTf 7 




CH 3 OTf, MgO, toluene 
0 to 85 °C, 24 h, 84% 
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& Erlenmeyer-Plochl azlactone synthesis 

Formation of 5-oxazolones (or “azlactones”) by intramolecular condensation of 
acylglycines in the presence of acetic anhydride. 


Ri 


HN—\ 

C °^ H 



Co) O 




mixed anhydride 



2 AcOH 


Example l 2 


Ph 


HN—\ 

co 2 h + 



NaOAc, Ac 2 0 


110 °C, 69-73% 



Example 2 8 



Pb(OAc) 4 Ac 2 0 
THF, reflux, 15 h 
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Eschenmoser’s salt 


Eschenmoser’s salt, dimethylmethylideneammonium iodide, is a strong 
dimethylaminomethylating agent, used to prepare derivatives of the type 
RCH 2 N(CH 3 ) 2 . Enolates, enolsilylethers, and even more acidic ketones undergo 
efficient dimethylaminomethylation—employed in the Mannich reaction. 


Mechanism 


ch 2 e 




Example l 2 3 

Once prepared, the resulting tertiary amines can be further methylated and then 
subjected to base-induced elimination to afford methylenated ketones. 



1. 15 equiv NaN(SiMe 3 ) 2 , THF 
-78 °C, 45 min. 
then 15 equiv of Me 2 (CH 2 )N + l“ 
0 °C, 15 min. 


TBSO 


ch 3 


2. 20 equiv Mel, MeOH, 0.5 h 

3. 10 equiv DBU, PhH, rt, 1 h 


51% 3 steps 
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Example 2 4 



CH, © 

,N® ' 

h 3 c ch 3 


Et 3 N, DMF, rt 
12 h, 64% 


H ° 

^-N (O-S-O 

C M, S 
V - 5 

^'CH 3 
L CH 3 


© 


Et 3 NH 


© 



Example 3 5 
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Eschenmoser-Tanabe fragmentation 

Fragmentation of a,[3-epoxyketones via the intermediacy of a,(3-epoxy sulfonyl- 
hydrazones. 




Example l 4 
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Example 3 9 



1. NsNHNH 2 , AcOH, THF; 
evaporation, 60 °C, 
NaBH 4 , AcOH, THF, 0 °C 


2. TESOTf, 2,6-lutidine 
CH 2 CI 2 , rt 
60%, 2 steps 
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Eschweiler-Clarke reductive alkylation of amines 

Reductive methylation of primary or secondary amines using formaldehyde and 
formic acid. Cf. Leuckart-Wallach reaction. 


r-nh 2 + ch 2 o + hco 2 h 


/ 

R-N 


\ 


formic acid is the hydride source as a reducing agent 


-oh 


R-N 


r-nh 2 



H 



o=c=oT 




R-N^X)=0 -- O-C-Ot + 

I H-0 


R-N-H 

\ 


R-N 


Example l 7 




ch 3 

1.2 equiv 37% CH 2 0 in H 2 0 
5 equiv 85% HC0 2 H in H 2 0 


steam bath, 84% 

OH 
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Example 3 10 
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Evans aldol reaction 

Asymmetric aldol condensation of aldehyde and chiral acyl oxazolidinone, the 
Evans chiral auxiliary. 



Example l 2 



1. Bu 2 BOT f , R 3 N 


2. PhCHO, -78 °C 
79%, 80:20 de 




Z-(0)-boron enolate 
formation 





Example 2 5 
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Example 3 9 



1 eq. Bu 2 BOT f 
1.1 eq. Et 3 N 


PhMe, 0.15 M 
- 50 to - 30 °C 
2 h, 72% 



Example 4, Crimmins procedure 10 


TBDPSO. 


CHO 



TiCI 4 

(-)-sparteine 


96%, 96% de 
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Favorskii rearrangement 

Transformation of enolizable a-haloketones to esters, carboxylic acids, or amides 
via alkoxide-, hydroxide-, or amine-catalyzed rearrangements, respectively. 



The intramolecular Favorskii Rearrangement: 




enolizable a-haloketone 



cyclopropanone intermediate 




®OR 


Example l 2 



Br 2 , ch 3 co 2 h 
50 °C, 1 h, 97% 



KOH, DMSO 


100 °C, 1 h 
47% 
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Example 2, Homo-Favorskii rearrangement 3 


TsO 



1.96 eq. NaOH 

dioxane/H 2 0 
90 °C, 3 h, 86% 



O O 



51 :40 : 9 



Example 4, Photo-Favorskii Rearrangement 7 



300 nm light 


5% aq. CH 3 CN 
propylene oxide 
4 h, 81% 


/7V 


homolysis 






O 


nc0 ^s 


NC® /O, 



KCN, a-cyclodextrin 

^Pr Br 


NCJ VI 

MeCN, H 2 0 

'y/ Br'^N 



10-15 °C, 12 h 

^1 



80% 

L 


L 1 J 
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Quasi-Favorskii rearrangement 

If there are no enolizable hydrogens present, the classical Favorskii rearrange¬ 
ment is not possible. Instead, a semi-benzylic mechanism can lead to a rear¬ 
rangement referred to as quasi-Favorskii. 



Example 1, Arthur C. Cope’s initial discovery 1 



Hg(OAc) 2 


EtOH, reflux 
4 h, 71% 




Cd 2 Et 
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Feist-Benary furan synthesis 

a-Haloketones react with (3-ketoesters in the presence of base to fashion furans. 





o 

0 

II 

o o 

Et 3 N, 0 °C, 52 h 

- 1 T 

+ II II 


^^^OEt 

54-57% 

r~\ 

' C0 2 Et 




Example l 2,3 


o o 



ci 



Example 2 4 


H A^ C| 


O O pyridine, rt to 50 °C, 4 h 

OEt then rt, overnight, 86% 



0O 2 Et 


Example 3, Ionic liquid-promoted interrupted Feist-Benary reaction 10 




Fqoc HO 

[bmim]OH y J r C0 2 Et IpmimJBr 

rt R i O Rs 70_75 °c 
interrupted 
Feist-Benary 
products 



Feist-Benary 

products 


R-, = CH 3 , Et, Ph, n-Pr, etc. 
R 2 = CH 3 , OCH 3i PEt 
R 3 = H, n-Bu, C0 2 Et 


[bmim]OH = 




OH 

^ 4^9 


[pmim]Br = 


© 



Br 

C 4 H 9 


JJ. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 94, 
© Springer-Verlag Berlin Heidelberg 2009 













219 


References 

1. (a) Feist, F. Ber. 1902, 35, 1537-1544. (b) Benary, E. Ber. 1911, 44, 489-492. 

2. Gopalan, A.; Magnus, P. J. Am. Chem. Soc. 1980, 102, 1756-1757. 

3. Gopalan, A.; Magnus, P. J. Org. Chem. 1984, 49, 2317-2321. 

4. Padwa, A.; Gasdaska, J. R. Tetrahedron 1988, 44, 4147-4160. 

5. Dean, F. M. Recent Advances in Furan Chemistry. Part I. In Advances in Heterocyclic 
Chemistry, Katritzky, A. R., Ed.; Academic Press: New York, 1982; Vol. 30, 
167-238. (Review). 

6. Cambie, R. C.; Moratti, S. C.; Rutledge, P. S.; Woodgate, P. D. Synth. Commun. 1990, 
20, 1923-1929. 

7. Friedrichsen, W. Furans and Their Benzo Derivatives: Synthesis. In Comprehensive 
Heterocyclic Chemistry IT, Katritzky, A. R., Rees, C. W., Scriven, E. F. V.; Bird, C. V. 
Eds.; Pergamon: New York, 1996; Vol. 2, 351-393. (Review). 

8. Kdnig, B. Product Class 9: Furans. In Science of Synthesis: Houben-Weyl Methods of 
Molecular Transformations', Maas, G., Ed.; Georg Thieme Verlag: New York, 2001; 
Cat. 2, Vol. 9, 183-278. (Review). 

9. Shea, K. M. Feist-Benaty Furan Synthesis. In Name Reactions in Heterocyclic Chem¬ 
istry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 160-167. 
(Review). 

10. Ranu, B. C.; Adak, L.; Banerjee, S. Tetrahedron Lett. 2008, 49, 4613—4617. 


220 


Ferrier carbocyclization 

This process (also known as the “Ferrier II Reaction”) has proved to be of consid¬ 
erable value for the efficient, one-step conversion of 5,6-unsaturated hexopyranose 
derivatives into functionalized cyclohexanones useful for the preparation of such 
enantiomerically pure compounds as inositols and their amino, deoxy, unsaturated 
and selectively O-substituted derivatives, notably phosphate esters. In addition, the 
products of the carbocyclization have been incorporated into many complex com¬ 
pounds of interest in biological and medicinal chemistry. 12 

General examples: 3 



83 % 7 75 o /o 7 86% (2:1) 8 OC 6 H 4 OMe(p) 


Complex bioactive compounds made following the application of the reaction: 

OH 
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Modified hex-5-enopyranosides and reactions 



а, Hg(OCOCF 3 ) 2 , Me 2 CO, H 2 0, 0 °C; b, NaBH(OAc) 3 , AcOH, MeCN, rt; c, i- 

Bu 3 A1, PhMe, 40 °C; d, Ti(0/-Pr)Cl 3 , CH 2 C1 2 , -78 °C, 15 min. (Note: The aglycon 

is retained in the Al- and Ti-induced reactions). 
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Ferrier glycal allylic rearrangement 

In the presence of Lewis acid catalysts (^-substituted glycal derivatives can react 
with O-, S-, C- and, less frequently, N-, P- and halide nucleophiles to give 2,3- 
unsaturated glycosyl products. 1 ' 2 This allylic transformation has been termed the 
“Ferrier Reaction” or, to avoid complications, the “Ferrier I Reaction” or the “Fer¬ 
rier Rearrangement”. However, the reaction was first noted by Emil Fischer when 
he heated tri - O- ace ty 1-D-glucal in water. 3 When carbon nucleophiles are involved, 
the term “Carbon Ferrier Reaction” has been used, 4 although the only contribution 
the Ferrier group made in this area was to find that tri-O-acetyl-D-glucal dimerizes 
under acid catalysis to give a C-glycosidic product. 5 The general reaction is illus¬ 
trated by the separate conversions of tri-0-acetyl-£)-glucal with 0-, S- and C- 
nucleophiles to the corresponding 2,3-unsaturated glycosyl derivatives. Normally, 
Lewis acids are used as catalysts, boron trifluoride etherate being the most com¬ 
mon. Allyloxycarbenium ions are involved as intermediates, high yields of prod¬ 
ucts are obtained, and glycosidic compounds with quasi-axial bonds (as illus¬ 
trated) predominate (commonly in the a,P-ratio of about 7:1). The examples 
illustrated 4 ' 6 7 are typical of a very large number of literature reports. 1 


i) HOCHoCCH 6 



General examples 4 



More complex products made directly from the corresponding glycols: 


O OH O 



In benzene, BF 3 *OEt 2 
5 °C, 10 min, (67%, 
oc-anomer). 8 


BF3.0Et 2> 
rt, 15 min, 

(81% oc-anomer). 9 



O NHC(0)CCI 3 

o 


By spontaneous sigmatropic 
rearrangement of the glycal 
3-trichloroacetimidate made 
with NaH, CI 3 CCN, 

(78% oc-anomer). 10 
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Products formed without acid catalysts 


H °0°- 


OMe AcO,— qO 


o 


Promoter: 

DEAD, Ph 3 P DDQ 

(80%, a-anomer) 11 (88%, mainly a) 12 

C-3 leaving group of glycal: 

hydroxy acetoxy 



Modified glycals and their reactions: 



BF 3 'OEt 2 CH 2 CI 2 ,0°C 
(70%, mainly a) 14 



AgN0 3 Na 2 C0 3 , reflux MeN0 2 , 
6 h (58%, a,p 1:1). 15 
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Fiesselmann thiophene synthesis 

Condensation reaction of thioglycolic acid derivatives with a,P-acetylenic esters, 
which upon treatment with base result in the formation of 3-hydroxy-2- 
thiophenecarboxylic acid derivatives. 





nO 

Me0 2 C C>^OMe 

Me0 2 C V O 

QS. 


MeOpC © v 

S \/\OMe 

S"1 H-S 

.. „ C0 2 Me 

Me0 2 Cr 1 


OMe 


OMe 


0 OMe 



Example l 5 


CC 

co 2 r 3 


12 equiv HSCH 2 C0 2 H 
R 3 OH, HCI (g), -10 °C, 1 h 


CC 


s ^ c ° 2 R 3 NaOR,, R,OH 
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Example 2 6 
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Fischer indole synthesis 

Cyclization of arylhydrazones to indoles. 



phenylhydrazine phenylhydrazone 



protonation 



[3,3]-sigmatropic 

rearrangement 


ene-hydrazine 




Example 2 13 



Example 4 (Severe racemization) 9 
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Fischer oxazole synthesis 

Oxazoles from the condensation of equimolar amounts of aldehyde cyanohydrins 
and aromatic aldehydes in dry ether in the presence of dry hydrochloric acid. 



ether 

+ R 2 CHO- 

HCI 



H 2 0 + HCI 




POCI 3 , 80-85 °C 


15 min., 40% 



Example 2 s 


dry HCI gas 
SOCI 2 , ether 
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dry HCI gas, 16.5% 

halfordinal 
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Fleming-Kumada oxidation 

Stereoselective oxidation of alkyl-silanes into the corresponding alkyl-alcohols us¬ 
ing peracids. 


SiMe 2 Ph 


1. HX 

2. ArC0 3 H, base 


3. hydrolysis 


OH 



retention of configuration 



the P-carbocation is stabilized by the silicon group 


- HX 


Ar 

V/° c cAo - Arco ® 


R R 


I zn 

- Si o 

rA 1 
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O Ar 
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hydrolysis 
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,o.Y 

o' S Y 
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R R 1 


' HO Ar 


OH 

R'^R 1 


Example l 4 


CflH! 



m-CPBA, KHF 2 , DMF c sHi 8 

NBoc -- 

(EtO) 2 PhSr { 0 to 25 °C, 55-70% 

OTBS 



NBoc 


'OTBS 
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Example 2 5 


h 2 o 2 , khco 3 


THF, H 2 0 
55 °C, 90% 


Example 3 8 




Example 4 Q 


KF, KHCO 3 
THF/MeOH 

30% H 2 0 2 , 77% 
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Tamao—Kumada oxidation 


Oxidation of alkyl fluorosilanes to the corresponding alcohols. A variant of the 
Fleming-Kumada oxidation. 


f V f 
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KF, H 2 0 2 
KHCO 3 , DMF 
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R F R 

_^ 

0-SiC' F 


- 

R 




R 


Example l 3 



Example 2 4 



h 2 o 2 , kf, khco 3 


THF-MeOH 

51-85% 



OH OH 



OH 
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Friedel-Crafts reaction 
Friedel-Crafts acylation reaction 

Introduction of an acyl group onto an aromatic substrate by treating the substrate 
with an acyl halide or anhydride in the presence of a Lewis acid. 



X A ^ CI 3 

R Cl:' 


complexation 


°:s 

® 


e 

aici 3 



acylium ion 


electrophilic 

substitution 




AICI 3 


Example 1, Intermolecular Friedel-Crafts acylation 6 



Example 2, Intramolecular Friedel-Crafts acylation 7 


OMe 



(COCI) 2 , DMF 
then AICI 3 , 84% 


OMe 
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Example 3, Intramolecular Friedel-Crafts acylation* 



PPSE = Trimethylsilyl polyphosphate 


Example 4, Intramolecular Friedel-Crafts acylation 9 
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Friedel-Crafts alkylation reaction 

Introduction of an alkyl group onto an aromatic substrate by treating the substrate 
with an alkylating agent such as alkyl halide, alkene, alkyne and alcohol in the 
presence of a Lewis acid. 



Example l 1 



Example 2 4 
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Example 3 s 



B(OH) 2 
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Friedlander quinoline synthesis 

The Friedlander quinoline synthesis combines an a-amino aldehyde or ketone 
with another aldehyde or ketone with at least one methylene a adjacent to the car¬ 
bonyl to furnish a substituted quinoline. The reaction can be promoted by acid, 
base, or heat. 




Example l 5 



NaOMe, EtOH 
reflux, 3 h, 90% 



Example 2 7 
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Example 3 8 


rr CHO r 




U s-x. /I _ 

11 /I 

N NH 2 CT^' / Me 

N N Me 

N N Me 

Conditions 

Conversion 

Ratio 

NaOH, rt 

> 99% 

37:63 

pyrrolidine, 5% H 2 S0 4 , rt 

97% 

86:14 

TBAO. 5% H 2 S0 4 , rt 

> 99% 

87:13 

TBAO, 5% H 2 S0 4 , slow addition, 65 °C 

> 99% 

94:6 


TBAO = 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane 



Example 4 10 




Mes—N N-Mes 


1 mol% 


CD 

Cl' 


Ru 


=\ 


PCy 3 Ph 


KOH, 1,4-dioxane 
80 °C, 1 h 
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Fries rearrangement 

Lewis acid-catalyzed rearrangement of phenol esters and lactams to 2- or 4- 
ketophenols. Also known as the Fries—Finck rearrangement. 





ZrCI 4 , PhCI 


160 °C, 3h,63% 




J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 103, 
© Springer-Verlag Berlin Heidelberg 2009 









241 


Example 2 6 



10% Bi(OTf) 3 , PhMe 


110 °C, 15 h, 64% 


OAc 


Example 3, Photo-Fries rearrangement 
o 


HN 


Ph 



Low-pressure Hg lamp 
254 nM, MeCN, 36 h, 65% 


Example 4, ortho- Fries rearrangement 8 


MeO 

O. 



OCONEt- 


OMe 

2.1 equiv LTMP 
12 -78 °C to rt, 97% 


Example 5, Thia-Fries rearrangement 


ci 


II o LDA, THF, -78 °C 

JL. J ' CF3 _ 

0 X ° then HoO + , 80% 


OH O 



OAc 
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Fukuyama amine synthesis 

Transformation of a primary amine to a secondary amine using 2,4-dinitro- 
benzenesulfonyl chloride and an alcohol. Also known as the Fuku¬ 
yama—Mitsunobu procedure. 



See page 365 for mechanism of the Mitsunobu reaction. 



Meisenheimer complex 


Example l 6 
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PyPh 2 P = diphenyl 2-pyridylphosphine; DTBAD = di-terl-butyI azodicarbonate 
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Fukuyama reduction 

Aldehyde synthesis through reduction of thiol esters with Et 3 SiH in the presence 
of Pd/C catalyst. 

O EtoSiH, Pd/C o 

X —--► X 

R SEt THF, rt R H 

Path A: 


Pd <°) O Et 3 SiH 

R SEt oxidative R Pd" \ 

addition Et 3 Si—SEt 


O 

X 


Pd 


reductive 


elimination 


O 



Pd(0) 


Path B: 

Et 3 SiH + Pd(0) -► Et 3 SiPdH 


R^SEt 


Et 3 SiPdH 


OSiEt 3 




R I SEt 
Pd 

H 


Pd(0) 


OSiEto 


R SEt 


Et 3 Si-SEt R 


O 

X 


Example l 1 


Example 



, .. EtSH, DCC, DMAP EtS 

HO2C CO2M6_ 

NHBoc CH 3 CN, rt, 1 h, > 70% 


C0 2 Me 
NHBoc 


Et 3 SiH, 10% Pd/C 
acetone, rt, 30 min., >74% 


H Y"'X^' C °2 Me 

O NHBoc 


Example 3 8 



0.5 mol% Pd/C 


2 equiv Et 3 SiH 
rt, 2 h, 92% 
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Gabriel synthesis 

Synthesis of primary amines using potassium phthalimide and alkyl halides. 



Example l 2 

Br o 



O Br 


KNPhth, DMF 


90 °C, 40 min. 
90% 


NPhth O 



O NPhth 


Example 2 6 


h 2 nnh 2 , ch 3 oh 


reflux, 1 h, 80% 




DIAD, PPh 3 
phthalimide 


THF, rt, 4 h 
76-98% 



NH 2 H 2 or CH 3 NH 2 
CH 3 OH 


76-88% 
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Example 4 9 
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Ing-Manske procedure 

A variant of Gabriel amine synthesis where hydrazine is used to release the amine 
from the corresponding phthalimide: 



Example l 6 
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Gabriel-Colman rearrangement 


Reaction of the enolate of a maleimidyl acetate to provide isoquinoline 1,4-diol. 
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Gassman indole synthesis 

The Gassman indole synthesis involves a one-pot process in which a hypohalite, a 
P-carbonyl sulfide derivative, and a base are added sequentially to an aniline or a 
substituted aniline to provide 3-thioalkoxyindoles. The sulfur can be easily re¬ 
moved by hydrogenolysis or Raney nickel. 



Et 3 N 



sulfonium ion 



[2,3]-sigmatropic 


rearrangement 

(Sommelet-Hauser) 





Example l 1 



1. t-BuOCI 


2. -S-Y CH 3 

o 

3. Et 3 N, 69% 




3. Et 3 N 
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Gattermann-Koch reaction 

Formylation of arenes using carbon monoxide and hydrogen chloride in the pres¬ 
ence of aluminum chloride under high pressure. 



e © 

:C=0: 


:C=0 


x AICIo :C=0® HCI Cl > , 


AICI, 


:C-0® 


AICI 3 H 

9 


Cl 

c=o® 

P AICI 3 
V 0 3 


© 

AICI 3 


© O' 

c,A h 


,CHO 

.®J 0 

AICI 4 


CloAl 


& 


@ 

o 


© _ 

AICI 4 


acylium ion 


Cl ^ 


CHO 


Q 

AICI 4 


CHO 




+ HCI + AICI 3 


Example, A more practical variant 4 


OH 



HO 


orcinol 

References 


Zn(CN) 2 , AICI 3 
HCI (g), 0 °C 


OH 


HO 



NH 2 

Cl 0 


h 2 o 

0 to 100 °C 
95% 


OH 


HO' 



CHO 


1. Gattenuann, L.; Koch, J. A. Ber. 1897. 30, 1622-1624. Ludwig Gattermann 
(1860-1920) was bom in Freiburg, Germany. His textbook, “Die Praxis de or- 
ganischen Chemie” (1894) was one of his major contributions to organic chemistry. 

2. Crounse, N. N. Org. React. 1949, 5, 290-300. (Review). 

3. Truce, W. E. Org. React. 1957, 9, 37-72. (Review). 

4. Solladie, G.; Rubio, A.; Carreno, M. C.; Garcia Ruano, J. L. Tetrahedron: Asymmetry 
1990, 1, 187-198. 

5. (a) Tanaka, M.; Fujiwara, M.; Ando, H. J. Org. Chem. 1995, 60, 2106-2111. (b) 
Tanaka, M.; Fujiwara, M.; Ando, H.; Souma, Y. Chem. Commun. 1996, 159-160. (c) 
Tanaka, M.; Fujiwara, M.; Xu, Q.; Souma, Y.; Ando, H.; Laali, K. K. J. Am. Chem. 
Soc. 1997, 119, 5100-5105. (d) Tanaka, M.; Fujiwara, M.; Xu, Q.; Ando, H.; Raeker, 
T. J. J. Org. Chem. 1998, 63, 4408-4412. 

6. Kantlehner, W.; Vettel, M.; Gissel, A; Haug, E.; Ziegler, G.; Ciesielski, M.; Scherr, 
O.; Haas, R. J. Prat. Chem. 2000, 342, 297-310. 


J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 109, 
© Springer-Verlag Berlin Heidelberg 2009 















254 


Gewald aminothiophene synthesis 

Base-promoted aminothiophene formation from ketone, a-active methylene nitrile 
and elemental sulfur. 




Ylidene-sulfur adduct 


Example l 4 



l O O uu 2 
< CN 


C0 2 Et S 8 , EtOH, morpholine 


Me C0 2 Et 

H 

60 °C, 5 h, 74% f-Bu0 2 C'^S / ^NH 2 
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Example 3 9 



HN(TMS) 3 , HO Ac 
toluene, 65 °C, 90% 


Knoevenagel 

condensation 



1.2 atom equiv S 8 
1 equiv NaHC0 3 


THF, H 2 0, 80-85% 



Example 4 1 " 



o 



3 equiv morpholine 
1 equiv S8, 55 °C, 24 h 


85% conversion 
64% yield 






Condensation 


MPS = 
morpholine- 
polysulfide 



ylidene 


Addition 


of sulfur 



s-s x 


ylidene-sulfur 

adduct 


Dimerization 


Cyclization 



dimer 
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Glaser coupling 

Oxidative homo-coupling of terminal alkynes using copper catalyst in the pres¬ 
ence of oxygen. 


CuCI 


R C—Cl 1 

NH 4 OH, EtOH 

R C-C C-C R 


R— 


I 

Cu 


© 



L = Amine 
X = Cl, OAc 


L "v ^ L 
Cu 

xf '"'x 

Cu 


+2 


L x / L 

Cu,, 

''X 


-i +2 


'Cu / 


L s 


-i +2 


Cu, p 

x y 

'Cu X 

L X L 


Cu +2 


— R- 


2 Cu 


Alternatively, the radical mechanism is also operative: 


// V^H - CuCI 6336 . // V 


// V-^u(ll) 


v V^. 


Cu(l) 


Cu(l) 



Example l 1 


2 



o 2 


NH 4 OH, EtOH 
90% 
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Example 2, Homo-coupling 2 
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Eglinton coupling 

Oxidative homo-coupling of terminal alkynes mediated by stoichiometric (or often 
excess) Cu(OAc) 2 . A variant of the Glaser coupling reaction. 


Cu(OAc) 2 

R—==—H - 

pyridine/MeOH 


R—^—R 


pyridine 
R = H - 




R—=—Cu—OAc 


c 


dimerization 


R—^—R 


Example l 2 



Cu(OAc) 2 

- 

— ^1 


pyr., 25 °C , 




20% 

W — 

— ^ 


Example 2, Cross-coupling 1 


SPh 



Cu(OAc) 2 

pyridine/MeOH (1:1) 
rt, 72% 
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Example 4 5 





Example 5 11 



2 equiv Cu(0Ac)2 - H 2 0 


1 : 1 Pyr: MeOH 
70 °C, 12 h, 41% 


Example 6 12 
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Gomberg-Bachmann reaction 

Base-promoted radical coupling between an aryl diazonium salt and an arene to 
form a diaryl compound. 
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Gould-Jacobs reaction 

The Gould-Jacobs reaction is a sequence of the following reactions: 

a. Substitution of an aniline with either alkoxy methylenemalonic ester or acyl 
malonic ester providing the anilinomethylenemalonic ester; 

b. Cyclization of to the 4-hydroxy-3-carboalkoxyquinoline (4-hydroxyquinolines 
exist predominantly in 4-oxoform); 

c. Saponification to form acid; 

d. Decarboxylation to give the 4-hydroxyquinoline. Extension could lead to 
unsubstituted parent heterocycles with fused pyridine ring of Skraup type. 



R = alkyl; R' = alkyl, aryl, or H; R" = alkyl or H 
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Example 2 8 



Example 3, Microwave-assisted Gould-Jacobs reaction 9 
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Grignard reaction 


Addition of organomagnesium compounds (Grignard reagents), generated from 
organohalides and magnesium metal, to electrophiles. 


Mg(0) 

R-X - 


R-MgX 


O 



R 1 R 2 

V 

R OH 


Formation of the Grignard reagent: 


///Mg//MQ/// 

R-X 


hPx 


///tAq/Ma /// 

single electron 

___-- R-MgX 

transfer R ♦ • MgX 


Grignard reaction, ionic mechanism: 


9 2® 

r26 5 

R1 T 

R-MgX 

8 ® 8 ® 


i>=9 

R -MgX 


R 1 R 2 

y 

R OMgX 


Radical mechanism. 


1^0 


R^MgX 


R '} 
R 2 .3 

R 1 


O 

MgX 


R 1 R 2 

X 

R OMgX 


R 1 R 2 

V 

R OH 


Example l 4 



This reaction is known as the Hoch-Campbell aziridine synthesis, which entails 
treatment of ketoximes with excess Grignard reagents and subsequent hydrolysis 
of the organometallic complex to produce aziridines. 
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Example 2 5 



OMe 


Example 5 10 
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Grob fragmentation 

The C—C bond cleavage primarily via a concerted process involving a five atom 
system. General scheme: 


© 

D' 


+ L 


D = CT, NR 2 ; L = OH 2 + , OTs, I, Br, Cl 


Example l 2 



Example 2, Aza-Grob fragmentation’ 



15 eq. NaBH 4 , THF 


70 °C, 31 h, 53% 



Example 3 7 


NaH, DMSO, 40 °C, 1 h; 


then tosylate, 40 °C, 1 h 
52% 


Example 4 X 


1.1 equiv KHMDS 


THF, 0 °C, 15 min. 
93% 
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Guareschi-Thorpe condensation 


2-Pyridone fomation from the condensation of cyanoacetic ester with diketone in 
the presence of ammonia. 





Guareschi imide 
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Hajos-Wiechert reaction 


Asymmetric Robinson annulation catalyzed by (.S')-(-)-proline. 




Example l la 



3 mol% (S)-proline 
CH 3 CN, 100%, 93.4% ee 



Example 2 3 



1 equiv /.-phenylalanine 


D-CSA, DMF, rt, 24 h, 
then increase temperature 
10 °C every 24 h for 5 days. 
79%, 91% ee 
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Example 3 8 



L-phenylalanine, PPTS 


DMSO, 50 °C, 24 h 
sonication, 94%, 73% ee 



Example 4 Q 



1 equiv L-phenylalanine 
0.5 equiv 1 N HCIO 4 


DMSO, 90 °C 
86 %, 48% ee 
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Haller-Bauer reaction 


Base-induced cleavage of non-enolizable ketones leading to carboxylic amide de¬ 
rivative and a neutral fragment in which the carbonyl group is replaced by a hy¬ 
drogen. 


0 


o 

r AA r5 

rIA L-r4 

R R 2 R 3R 

NaNH 2 

R vV • x: 

R R 2 r 3 

PhH, reflux 


non-enolizable ketone 




R^U LJR 4 


s 

(o nh 2 

R AC ,R 5 


2 d 3 r 


NH, 


A 


H R = 

■ T7r4 


® NHo 


R 2 R 


Example l 4 



\J. 


Example 2 9 




>€p 


O^NHCeH,, 


LiNHCeHn 

PhH, 80 °C 
46% 
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Hantzsch dihydropyridine synthesis 


1,4-Dihydropyridine from the condensation of aldehyde, (3-ketoester and ammo¬ 
nia. Hantzsch 1,4-dihydropyridines are popular reducing reagents in organocata- 
lysis. 



H,N:- 


H. .C0 2 Et enolate 

X 


O 


formation 


R ( H _ aldol 
^CC^Et _ 


condensation 


H 3 N:— c O R 


OH | _ | « r ~ :NH3 

R" A '"? L C0 2 Et 

O^R 1 


(oh 


R"^pC0 2 Et 

O^R 1 


C0 2 Et 


r/W^2I 

O^R 1 


O^R 


CO,Et 


formation 'HO"Z>r 1 
H 2 N: 


CO,Et 


-H,0 



Example l 2 



nifedipine 
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Example 2 9 



o 

^A^co 2 r 2 + NH 4 OAc 



(Si0 2 -S0 3 H), solvent-free 
60 °C, 83-95% 



Example 3, Hantzsch 1,4-dihydropyridine as a hydrogen donor 10 
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Hantzsch pyrrole synthesis 


Reaction of a-chloromethyl ketones with (3-ketoesters and ammonia to assemble 
pyrroles. 



© 

h 3 n^h 




-h 2 o 


Example l 4 


Example 2 7 




DME, 87-140 °C 


H,N CO,Me 2.5 h, 60% 




NH 3 , EtOH 
48 h, 48% 





References 

1. Hantzsch, A. Ber. 1890, 23, 1474-1483. 

2. Katritzky, A. R.; Ostercamp, D. L.; Yousaf, T. I. Tetrahedron 1987, 43, 5171-5186. 

3. Kirschke, K.; Costisella, B.; Raimn, M.; Schulz, B. J. Prakt. Chem. 1990, 332, 
143-147. 

4. Kameswaran, V.; Jiang, B. Synthesis 1997, 530-532. 

5. Trautwein, A. W.; Sii(3muth, R. D.; Jung, G. Bioorg. Med. Chem. Lett. 1998, 8, 
2381-2384. 

6. Ferreira, V. F.; De Souza, M. C. B. V.; Cunha, A. C.; Pereira, L. O. R.; Ferreira, M. L. 
G. Org. Prep. Proced. Int. 2001, 33, 411-454. (Review). 

7. Matiychuk, V. S.; Martyak, R. L.; Obushak, N. D.; Ostapiuk, Yu. V.; Pidlypnyi, N. I. 
Chem. Heterocycl. Compounds 2004, 40, 1218-1219. 


J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 120, 
© Springer-Verlag Berlin Heidelberg 2009 













Heck reaction 

The palladium-catalyzed alkenylation or arylation of olefins. 
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H R 2 Pd(0) (catalytic) 

R 1 R 2 

R X )-( - “ 

p3 r 4 base 

R 3 R 4 

R 1 = aryl, alkenyl, alkyl (with no p-hydrogen) 

X = Cl, Br, 1, OTf, OTs, N 2 + 



The catalytic cycle: 


Pd(0) or Pd(ll) precatalysts 



A: Oxidative addition D: syn-p-elimination 

B: Migratory insertion (syn) E: Reductive elimination 
C: C-C bond rotation 


Example 1, Asymmetric intermolecular Heck reaction 6 



Pd[(R)-BINAP] 2 
3 mol% 


proton sponge 
PhH, 60 °C 
95%, > 99% ee 
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Example 2, Intramolecular Heck 7 



0.3 eq. Pd(OAc ) 2 


Bu 4 NCI, dmf, k 2 co 3 
70 °C, 3 h, 74% 



Example 3 8 


MeO 


Cl 


O 

O'' 

1.5% Pd 2 (dba) 3 , 6 % P(f-Bu ) 3 
1 . 1 . eq. CS 2 CO 3 , dioxane 
120 °C, 24h,82% 




Example 4, Intramolecular Heck 0 



10 mol% Pd(OAc ) 2 


Bu 4 NCI, k 2 co 3 
DMF, 100 °C, 67% 



Example 5, Intramolecular Heck 13 



Example 6, Reductive Heck reaction 17 



5 mol% Pd(P(o-tol) 3 (OAc ) 2 


NaOCHO, TBAB, Et 3 N 
DMF, 80 °C, 65% 



QOZ' 
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Heteroaryl Heck reaction 


Intermolecular or intramolecular Heck reaction that occurs onto a heteroaryl re¬ 
cipient. 



Pd(Ph 3 P) 4 , Ph 3 P, Cul 


Cs 2 C0 3 , DMF, 140 °C 


C, 


V // 



Pd(0) 

oxidative addition 



Example l 2 



Pd(0) + Csl + CsCH0 3 



Example 2 3 



Pd(OAc) 2 , NaHC0 3 


n-Bu 4 NCI, DMA 
150 °C, 24 h, 83% 





Pd(Ph 3 P) 4 , KOAc 
DMA, reflux, 65% 
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Hegedus indole synthesis 


Stoichiometric Pd(II)-mediated oxidative cyclization of alkenyl anilines to in¬ 
doles. Cf. Wacker oxidation. 




precipitate 



"PdH" 


Example l 1 


Example 2 


References 


M6O2C 


PdL n fi-elimination \ |Ty— q|_| 3 


Me0 2 C / ^^'N 


. 10 mol% (CH 3 CN) 2 PdCI 2 

100 mol% benzoquinone | Q| | 

k '- s ^NH 2 10 eq. Et 3 N, THF, reflux, 84% 


Br 



10 mol % (CH 3 CN) 2 PdCI 2 
100 mol% benzoquinone 


NHTs ^ ec l- ^HF, re fl ux > 77% 


Br 
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Hell-Volhard-Zelinsky reaction 

a-Halogenation of carboxylic acids using X 2 /PBr 3 . 


0 

a II 

PBr 3 

R ' T A Br 

H 2 0 

r /oh 

r ^oh 

Br 2 



Br 


Br 


a-bromoacid 



enolization 



^Br^rBr ■ 



Example l 5 


co 2 h ci 2 , cat. PCI 3 


97 °C, 6 h, 77% 



Example 2 6 
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Henry nitroaldol reaction 

The nitroaldol condensation reaction involving aldehydes and nitronates, derived 
from deprotonation of nitroalkanes by bases. 



Ri R3 

R 3 H Base HO -)—^-N0 2 

R4^N0 2 R 2 R 4 

2-nitroalcohols 



nitroalkanes 


\© 

^ —NO 2 
R 2 


R-! 0© 

^=N® 
R 2 ~ 


O© 


nitronates 


O 


no 2 r 3 

R 

R, O© 


HB 


HB 


R-l O ® 
>=N® 

B R 2 OH 

nitronic acids 
or ac/-nitroalkanes 


NO2R3 

R 1-H 

r 2 OH 
2-nitroalcohols 


Example l 4 



Example 2, Retro-Henry reaction^ 



CL1SO4, Si0 2 


PhH, reflux 
67% 



N0 2 


Example 3, Aza-Henry reaction 8 


Ph 




O 

,F>-Ph 

Ph 


Ph. 


P—Ph 

5 mol% TMG, 100 °C HN ' " 
Ph 


NO, 


0.1 mBar, 26 h ph 
95%, anti:syn = 98:2 


Ph 


NO, 
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Example 4, Intramolecular Henry reaction 10 





DBU, MeCN 


62 % 



H 
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Hinsberg synthesis of thiophene derivatives 


Condensation of diethyl thiodiglycolate and a-diketones under basic conditions, 
which provides 3,4-disubstituted thiophene-2,5-dicarbonyls upon hydrolysis of the 
crude ester product with aqueous acid. 



Example 2 4 
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Example 3 5 



i.o o 
Ph A^ s ^p h 
KOH 

2. SOCI 2 , pyr. 

9% yield, 2 steps 



Example 4 6 


H,C CH 3 

nH + 

o o 


NC S CN 


NaOH, MeOH 
94% 



Example 5, Polymer-support Hinsberg thiophene synthesis 9 
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Hiyama cross-coupling reaction 

Palladium-catalyzed cross-coupling reaction of organosilicons with organic hal¬ 
ides, triflates, etc. In the presence of an activating agent such as fluoride or hy¬ 
droxide (transmetallation is reluctant to occur without the effect of an activating 
agent). For the catalytic cycle, see the Kumada coupling on page 325. 



Pd catalyst 


R L SiY + R 2 -X 

activator 

R'-R^ 


R 1 = alkenyl, aryl, alkynyl, alkyl 
R 2 = aryl, alkyl, alkenyl 
Y = (OR) 3 , Me 3 , Me 2 OH, Me( 3 . n )F( n+3 ) 
X = Cl, Br, I, OTf 
activator = TBAF, base 


Example l la 



Ar 1 —Pd(ll)-Ar 2 Ar 1 — Pd( ll)- X 




Si(Et)F 2 



(^-C 3 H 5 PdCI) 2 
DMF, KF, 100 °C 
82% 



Example 2 2 



DMF, reflux, 72% 
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Example 3 7 



Example 4 Q 
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Hofmann rearrangement 


Upon treatment of primary amides with hypohalites, primary amines with one less 
carbon are obtained via the intermediacy of isocyanate. Also know as the Hof¬ 
mann degradation reaction. 

O Br, HoO 

5 -► R—N=C=0 -R-NH 2 + C0 2 T 

R NH 2 NaOH 


c x 

rmaih 

H 


° ^Br-Qr 
NH 


rO 

V 


H 


OH 




OH 



R-N=0=O 



O 


R—NH 2 


OH 


isocyanate intermediate 


co 2 t 


Example 1, NBS variant 2 
o 



NBS, DBU, MeOH 
reflux, 25 min., 70% 




O 


Example 2, Iodosobenzene diacetate 5 



Example 3, Bromine and alkoxide 6 
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Example 4, Sodium hypochlorite 7 



50 °C, 81% 


Example 5, The original conditions, bromine and hydroxide 9 



Br 2 aq. KOH 


0 °C to reflux 
80% 


Example 6, Lead tetraacetate 10 


Pb(OAc) 4 


f-BuOH, Et 3 N 
reflux, 75% 
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Hofmann-Loffler-Freytag reaction 


Formation of pyrrolidines or piperidines by thermal or photochemical decomposi¬ 
tion of protonated /V-haloaniincs. 



Cl 1. H + , A 

R'-O 


2.-OH 

N 



R 2 



A 

-► Cl' 

homolytic 

cleavage 



ISL 


2 


chloroammonium salt 


nitrogen radical cation 


1,5-hydrogen 

^ N-H - 

R \ H. * '^2 atom transfer 





Example 2 4 



84% h 2 so 4 
65 °C, 30 min. 


25% 



Example 3 5 



NCS, ether, Et 3 N 
then hv, (Hg° lamp) 


0°C, 3.5 h in N 2 
100 % 
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Example 4 7 


AcO 


Example 5 12 



1.0 equiv CBr 4 , hv 
0.05 M PhCF 3 

100 W flood lamp 
rt, 7 min. 


Me' 


O CF 3 
Me 

t^Br 
Me 

Me 


1.25 equiv Ag 2 C0 3 
CH 2 CI 2) rt, 1 h 


then AcOH, 15 min. 
> 69% overall 
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Horner-Wadsworth-Emmons reaction 

Olefin formation from aldehydes and phosphonates. Workup is more advanta¬ 
geous than the corresponding Wittig reaction because the phosphate by-product 
can be washed away with water. Typically gives the tram- rather than the cis- 
olefins. 


O O NaH, then C0 2 Et O 

Eto '^ X -* H + Eto A 

EtO ^-^TIEt RCHO R 7 EtO ONa 




The stereochemical outcome: erythro (kinetic) or threo (thermodynamic) 


O I 


$ 


OEt 

~OEt 


o-^o 


CO,Et 


.OEt 

OEt 

H 

'C0 2 Et 


erythro , kinetic adduct 
°,0Et 

- - urr- 

h-A 


ji^OEt 
U y P'OEt 
H"/ \ 'C0 2 Et 

R H 


0 

O 

Ot-P- 


,OEt 

OEt . 
O0 2 Et 
H 


COoEt 


COoEt 


Example l 3 


Example 2 4 


threo, thermodynamic adduct 
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Example 4, Intramolecular Horner-Wadsworth-Emmons 9 

TBSO 
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Houben-Hoesch reaction 


Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles. 




Example 1, Intramolecular Houben-Hoesch reaction 3 

1. ZnCI 2 , HCI(g), Et 2 0 

2. H 2 0, reflux, 89% 

Example 2 6 




OMe 



CO2M6 


Example 3 8 



NC ci 

BCI 3 -CH 2 CI 2 , ZnCI 2 
then aq. HCI 



14 C U = 14 C-labelled 
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Example 4 Q 
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Hunsdiecker-Borodin reaction 

Conversion of silver carboxylate to halide by treatment with halogen. 

x 2 


A e * a 


R-X + C0 2 T + AgX 


X 


9 homolytic 

AgX + A* —-* 

K u cleavage 


X- + ^ co 2 T + R- 

R^O 


O 

R^V* 


R-X + . 

R O 


Example l 5 


ci 


HgO, Br 2 , A 

C0 2 H -► Cl 

CCI 4 , dark, 35-46% 


Br 


Example 2 6 


CO,H 


MeO 



NBS, n-Bu 4 N CF 3 C0 2 “ 


CICH 2 CH 2 CI, 96% 


MeO 



Br 


Example 3 8 



Br 


Example 4, One-pot microwave-Hunsdiecker-Borodin followed by Suzuki 



OMe 


NBS, LiOAc 


CH 3 CN-H 2 0 9:1 
MW 1 min. 
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PhB(OH) 2 , K 2 C0 3 
Pd(PPh 3 ) 4 


CH 3 CN/H 2 0 2:1 
microwave, 5 min. 
64% 2 steps 



OMe 
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Jacobsen-Katsuki epoxidation 

Mn(III)salen-catalyzed asymmetric epoxidation of (Z)-olefins. 



1. Concerted oxygen transfer (crv-epoxidc): 

R R 1 


R . R 1 + 9 

v=/ Mn(V) 


V 1 

O 

Mn(V) 


R R, 

w 


R R, 

? — V 

Mn(V) 


2. Oxygen transfer via radical intermediate (traws-epoxide): 


R R-i R Rl 

R Ri ° 

\=/ + Mn(V) Z n " O 

V Mn(V) 

Mn(V) 


R Ri 

V 

O 


3. 


Oxygen transfer via manganaoxetane intermediate (cw-epoxide): 


R Ri . V 
\=/ Mn(V) 


P + 2] R 1 


„ -- V? 

Mn(V) cycloaddition Mn(V) 


R Ri 

V 

o 


Example l 2 
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Japp-Klingemann hydrazone synthesis 

Hydrazones from (3-ketoesters and diazonium salts with the acid or base. 


@0 v N 

ArN 2 Cl + Y C °2 R 

O 


KOH 


H I ^ 

Ar^ N 'N^©0 2 R -^OH 


Diazonium salt (3-keto-ester hydrazone 


J OH 

deprotonation 

COoR 

o) 



N=N-Ar 0 N 

° HO ^ N 


, Ar 


C° 


COoR 


upling A 


°) 


COoR 


Co Oh 

0 


N' Ar 

N 

co 2 r 


O H 'x I H I 

/K + ^n] Ar^ N 'N^C0 2 R 

^ OH Ar 'NOcO,R 


Example l 4 


CO,Et 


A 

A 


NaNOo 


NH, 


cone. HCI, H 2 0 
0°C 


C0 2 Et 

II 


Cl 


A 



C0 2 Et 

' NMe 2 „ V 

C0 2 Et Me jh 


NaOAc (pH 3-4) 
0 to 50 °C 
72% 


NMeo 


CO,Et 


Example 2 6 


ho 2 c 



0.5 N KOH, THF, rt, 1 h 


NH 


then 


N 2 + CI~ 


OBn 


'N 



NH 


O 


OBn 
62% yield 
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Example 3 10 



o 


KOAc, h 2 o 


-4 °C to rt 
60-85% 
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Jones oxidation 

The Collins/Sarett oxidation (chromium trioxide-pyridine complex), and 
Corey's PCC (pyridinium chlorochromate) and PDC (pyridinium dichromate) 
oxidations follow a similar pathway as the Jones oxidation (chromium trioxide 
and sulfuric acid in acetone). All these oxidants have a chromium (VI), normally 
black or yellow, which is reduced to Cr(IV), often green. 



Jones oxidation 

By the Jones oxidation, the primary alcohols are oxidized to the corresponding 
aldehyde or carboxylic acids, whereas the secondary alcohols are oxidized to the 
corresponding ketones. 


OH 


Cr0 3 


R-f R 2 H 2 S0 4 , acetone 



Cr0 3 + H 2 0 -> H 2 Cr0 4 


Cr(VI) 

black 


9 ■ H 


© 

o n Xoh 2 

O^S r 'OH 




0^ Cr OH 


Cr(lll) 

green 


The intramolecular mechanism is also operative: 


o OH 

O^'o 




OH 


0^ Cr '0H 


Example l 6 



"C0 2 f-Bu 


1. Jones reagent 
acetone, 20 min. 


2. HC0 2 H, rt, 1 h 
96% 2 steps 



^C0 2 H H-CP-263114 
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Example 2 7 
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Collins-Sarett oxidation 

Different from the Jones oxidation, the Collins-Sarett oxidation converts primary 
alcohols to the corresponding aldehydes. 

Example l 5 

8 eq Cr0 3 *2Pyr 
CH 2 CI 2) 15 min., 86% 
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Example 2 


OMe 


OMe 



Med 2 



OH 


CH 2 CI 2 , 30 min., 75% 


7 equiv Cr0 3 -Py2 


Me0 2 < 


CHO 


Example 3 9 



^ N 
Ph0 2 S 


r 4 50-60 °C, 48 h 
50-65% 


Cr0 3 , Pyr. 



Ph0 2 S O 
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PCC oxidation 

Example 1, One-pot PCC-Wittig reactions 2 



PCC, Celite, CH 2 CI 2 , rt, 3 h f _ Bu 


O 


then Ph 3 P=CHC0 2 CH 3 
80% 


/ Si — 


95:5 E:Z 
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Example 2 3 



1.5 eq PCC, CH 2 CI 2 
rt, 3 h, 75% 



Example 3 4 


Example 4 5 
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PDC oxidation 

Example l 2 
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Example 2, Cleavage of primary carbon-boron bond 3 



PDC, DMF 


rt, 24 h 
75% 


C0 2 H 


Example 3 4 



OH OTBDMS 


rt, 24 h, 56% 


PDC, DMF 



OTBDMS 
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Julia-Kocienski olefination 


Modified one-pot Julia olefination to give predominantly (£)-olefins from het- 
eroarylsulfones and aldehydes. A sulfone reduction step is not required. 


r N Wo 

Ph 


,A~ R 1 1.KHMDS 


2. RoCHO 


N'N 
VOH 
N 

Ph 


SO, 


®N(TMS) 2 


c 

rv h ^ r i 

x Ks ° 2 

Ph 


fo 

N-N r 

Ph 


rV s ^ Ri 

N ^/- S °2 
Ph 


r N x°Y 2 

N 'n'V'"R 1 

Ph °2 


n-n 

// v 

N 'N' 

Ph 


rA^ 


N'N 

X~OH 

N 

Ph 


SO, 


Alternatives to tetrazole: 


N-N 

N„ V 

N 

i 

Ph 

PT 


N 

s' 

BT 


/, -N 


PYR 


F,C 


N- 


t- Bu 

TBT 


0- 


F,C 


BTFP 


The use of larger counterion (such as K ) and polar solvents (such as DME) favors 
an open transition state (PT = phenyltetrazolyl): 

o 

r w X so 2 pt 


F 



SO,PT 


Example 1, (BT = benzothiazole)" 


Example 2 3 


so 2 bt ohc 


•<. 


OTIPS 


OK 


NaHMDS, DMF 


-78 °C to rt, 90% 


^OTIPS 


E.Z (78:22) 


OTBS 



KHMDS, THF, -78 °C, 85% 
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Example 3 7 



Example 4 s 



References 

1. (a) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Tetrahedron Lett. 1991, 32, 
1175-1178. (b) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Bull. Soc. Chim. Fr. 
1993, 130, 336-357. (c) Baudin, J. B.; Hareau, G.; Julia, S. A.; Loene, R.; Ruel, O. 
Bull. Soc. Chim. Fr. 1993, 130, 856-878. (d) Blakemore, P. R.; Cole, W. J.; Kocien- 
ski, P. J.; Morely, A. Synlett 1998, 26-28. 

2. Charette, A. B.; Lebel, H. J. Am. Chem. Soc. 1996, 118, 10327-10328. 

3. Blakemore, P. R.; Kocienski, P. J.; Morley, A.; Muir, K. J. Chem. Soc.. Perkin Trans. 
1 1999, 955-968. 

4. Williams, D. R.; Brooks, D. A.; Berliner, M. A. J. Am. Chem. Soc. 1999, 121, 
4924-4925. 

5. Kocienski, P. J.; Bell, A.; Blakemore, P. R. Synlett 2000, 365-366. 

6. Liu, P.; Jacobsen, E. N. J. Am. Chem. Soc. 2001, 123, 10772-10773. 

7. Charette, A. B.; Berthelette, C.; St-Martin, D. Tetrahedron Lett. 2001, 42, 5149-5153. 

8. Alonso, D. A.; Najera, C.; Varea, M. Tetrahedron Lett. 2004, 45, 573-577. 

9. Alonso, D. A.; Fuensanta, M.; Najera, C.; Varea, M. J. Org. Chem. 2005, 70, 6404. 

10. Rong, F. Julia-Lythgoe olefination. In Name Reactions for Homologations-Part /; Li, 
J. J„ Corey, E. J„' Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 447-473. (Review). 




Julia-Lythgoe olefination 

(fs)-01efms from sulfones and aldehydes. 
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1. n-BuLi 

Ar 2. R^HO 

R S , 

S0 2 Ar 

»v 


O' "o 3. Ac 2 0 

ch 3 oh 


OAc 


SOoAr 


n-Bu 


A S0 2 Ar 

.. a-deprotonation D i 

7 -- FT 0 ^ - 

R ,S' Ar 

o"'o 


coupling 


§ \ - 

(6 o 


acetylation 


SOoAr 


ji 


SOoAr 


$ 


Ca 


Na(Hg) 


O O 

© 


single electron 
OAc transfer (SET) 


© 


SOoAr 


OAc 


Example l 2 


Example 2 3 


Example 3 7 


4 possible diastereomers 

Na(Hg) 0^ 


single electron 
transfer (SET) 


(OAc 


OAc 


+ p^ Rl 




Ph 

> s 


n-BuLi, THF, 0 °C to rt 
61-75% 




m-CPBA, CH 2 CI 2 


0 °C, 80-98% 



CH 3 
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Ac 2 0, dmpa, ch 2 ci 2 


0 °C to rt, 60-95% 



OAc 


Na/Hg 
THF, MeOH 


-20 °C, 53% 



Example 4 X 



Ph v 


CHO 


1. LDA, THF, -78 °C 


2. BzCI, -78 °C to rt 

3. Me 2 N(CH 2 ) 3 OH 



Sml 2 , THF 
HMPA, -78 °C 


67%, E/Z = > 95:1 


Ph 
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Kahne glycosidation 

Diastereoselective glycosidation of a sulfoxide at the anomeric center as the gly- 
cosyl acceptor. The sulfoxide activation is achieved using Tf 2 0. 



oxonium ion 


Example l ld 


,—omom 

BzOOMe OH 


0- t --yOMOM 

~q-i — s (°) p h Tf 2 0, DTBMP, CH 2 CI 2 BzO-^OMeO° MOM 

- -OBn _► 

3Bn -70 to -50 °C, 38% ArSj OBn 



Example 2 4 
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Tf 2 0, DTBMP, CH 2 CI 2 


-78 to 0 °C, 67% 



•OTIPS 


OTBS OTBS 


Example 3, Reverse Kahne-type glycosylation 6 


< 



Tf 2 0, CH 2 CI 2 


-78 °C, NuH 


< 



OCbz 


Nu 


OCbz 


NuH = ROH, ArOH, ArNH 2 , CH 2 =CHCH 2 TMS 
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Knoevenagel condensation 


Condensation between carbonyl compounds and activated methylene compounds 
catalyzed by amines. 


r-cho 


CH 2 (C0 2 R 1 ) 2 



OH 


r /^co 2 h 



H^CH(C0 2 R 1 ) 2 


deprotonation r-'X © 

■ L^y NH 2 


°CH(C0 2 R 1 ) 2 



piperidine, AcOH 


toluene, reflux 
Dean-Stark trap 
95% 



Example 2, EDDA = Ethylenediamine diacetate 5 
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Example 3, Using ionic liquid ethylammonium nitrate (EAN) as solvent 8 



CN 

< 


C0 2 Et 


ethylammonium nitrate 
rt, 10 h, 87% 



Example 4 Q 




References 


1. Knoevenagel, E. Ber. 1898, 31, 2596-2619. Emil Knoevenagel (1865-1921) was 
born in Elannover, Germany. He studied at Gottingen under Victor Meyer and Gat- 
tennann, receiving a Ph.D. In 1889. He became a full professor at Heidelberg in 1900. 
When WWI broke out in 1914, Knoevenagel was one of the first to enlist and rose to 
the rank of staff officer. After the war, he returned to his academic work until his sud¬ 
den death during an appendectomy. 

2. Jones, G. Org. React. 1967, 15, 204-599. (Review). 

3. Cantello, B. C. C.; Cawthomre, M. A.; Cottam, G. P.; Duff, P. T.; Haigh, D.; Hindley, 
R. M.; Lister, C. A.; Smith, S. A. Thurlhy, P. L. J. Med Chem. 1994, 37, 3977-3985. 

4. Paquette, L. A.; Kern, B. E.; Mendez-Andino, J. Tetrahedron Lett. 1999, 40, 
4129-4132. 

5. Tietze, L. F.; Zhou, Y. Angew. Chem., Int. Ed. 1999, 38, 2045-2047. 

6. Pearson, A. J.; Mesaros, E. F. Org. Lett. 2002, 4, 2001-2004. 

7. Kourouli, T.; Kefalas, P.; Ragoussis, N.; Ragoussis, V. J. Org. Chem. 2002, 67, 
4615-4618. 

8. Hu, Y.; Chen, J.; Le, Z.-G.; Zheng, Q.-G. Synth. Commun. 2005, 35, 739-744. 

9. Conlon, D. A.; Drahus-Paone, A.; Ho, G.-J.; Pipik, B.; Helmy, R.; McNamara, J. M.; 
Shi, Y.-J.; Williams, J. M.; MacDonald, D. Org. Process Res. Dev. 2006, 10, 36-45. 

10. Rong, F. Julia-Lythgoe olefination. In Name Reactions for Homologations-Part 1; Li, 
J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 474-501. (Review). 




317 


Knorr pyrazole synthesis 

Reaction of hydrazine or substituted hydrazine with 1,3-dicarbonyl compounds to 
provide the pyrazole or pyrazolone ring system. Cf. Paal-Knorr pyrrole synthesis 
(page 411). 



R = H, Alkyl, Aryl, Het-aryl, Acyl, etc. 


R 

NH 

NH 2 





Alternatively, 



Example l 2 


Example 2 8 


MeO 


Me 

OMe O MeNHNH 2 HCI, H 2 0 ^ 

Me 68% W // 

Me 



Et0 2 CCF 3 , NaH, THF 


-5 to 0 °C, 30 min., 
rt, 5 h, 95% 
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Koch-Haaf carbonylation 


Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins 
and CO. 




The tertiary carbocation is thermodynamically favored 



acylium ion 

Example l 3 


OH 



hco 2 h, h 2 so 4 

rt. 66% 


hco 2 h, h 2 so 4 


CCI 4 , 5 °C, 95% 
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Koenig-Knorr glycosidation 

Formation of the [3-glycoside from a-halocarbohydrate under the influence of sil¬ 
ver salt. 




(3-anomer 


Example l 7 



Example 2 8 


AcO 
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Example 3 9 
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Kostanecki reaction 


Also known as Kostanecki—Robinson reaction. Transformation 1 —>2 represents 
an Allan-Robinson reaction (see page 8), whereas 1—>3 is a Kostanecki (acyla¬ 
tion) reaction: 




Example 2 3 
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Krohnke pyridine synthesis 

Pyridines from a-pyridinium methyl ketone salts and a,(3-unsaturated ketones. 




AcO 


enolization 



Michael 


addition 



R 2 

The ketone is more reactive than the enone 


R 1 



e 

AcO 




Example l lb 


rf^i Ph nh 4 oac 

y m® 1 acoh 

^ S + S - 

l 1 9 °% 

Ph-^O CT'Ph 



Example 2 4 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 143, 
© Springer-Verlag Berlin Heidelberg 2009 


\®// 











324 


Example 3 6 



115 °C, overnight 


NH 4 OAc, AcOH 



/ \ / \ X = H, 65% 

A '' V // X = F, 83% 
/ N /— X = Br, 82% 


X X = OMe, 40% 


X 
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Kumada cross-coupling reaction 


The Kumada cross-coupling reaction (also occasionally known as the Kharasch 
cross-coupling reaction) was originally reported as the nickel-catalyzed cross¬ 
coupling of Grignard reagents with aryl- or alkenyl halides. It has subsequently 
been developed to encompass the coupling of organolithium or organomagnesium 
compounds with aryl-, alkenyl or alkyl halides, catalyzed by nickel or palladium. 
The Kumada cross-coupling reaction, as well as the Negishi, Stille, Hiyama, and 
Suzuki cross-coupling reactions, belong to the same category of Pd-catalyzed 
cross-coupling reactions of organic halides, triflates and other electrophiles with 
organometallic reagents. These reactions follow a general mechanistic catalytic 
cycle as shown below. There are slight variations for the Hiyama and Suzuki re¬ 
actions, for which an additional activation step is required for the transmetallation 
to occur. 


R-X + R’-MgX -- R-R 1 + MgX 2 


oxidative p L 

R-X + L 2 Pd(0) -► "Pd 

addition ^ x 


F^-MgX 


transmetallation 

isomerization 


l_ L reductive 

MgX 2 + -► R-R 1 + L 2 Pd(0) 

^ elimination 


The catalytic cycle: 


L n Pd(ll) + R’M 


transmetallation 


R 1 

L n Pd(IIK 

K 


reductive 


elimination 


F^-R 1 


LpPd(O) 
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Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


a° 

EtO 







2.5 equiv MeMgCI 


10 mol% Ni(acac) 2 
THF, 0 °C, 10 min. 
90% 



TESO 
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Lawesson’s reagent 

2,4-Bis(4-methoxyphenyl)-l,3-dithiadiphosphetane-2,4-disulfide transforms the 
carbonyl groups of aldehydes, ketones, amides, lactams, esters and lactones into 
the corresponding thiocarbonyl compounds. Cf Knorr thiophene synthesis. 



s 
P-S 
S-P 

s 


\ /r°\ 


Lawesson's reagent 



Example l 4 



Lawesson's reagent 
(Me 2 N) 2 C=S 

xylene, 160 °C, 47% 



OMe 


OMe 


Example 2 



Lawesson's 


reagent, quant. 


Me0 2 C N—H 
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Example 3, Thiophene from dione' 


o 


o 


R 



D 

Lawesson’s reagent 


toluene, reflux 
88-99% 


R 



R R = H 
R = Me 
R = OMe 


R = Cl 
R = Br 


S0 2 Ph S0 2 Ph 


Example 4 10 


o 




o 



Me, 


toluene, reflux, 100% 


Lawesson's reagent 
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Leuckart-Wallach reaction 

Amine synthesis from reductive animation of a ketone and an amine in the pres¬ 
ence of excess formic acid, which serves as the reducing reagent by delivering a 
hydride. When the ketone is replaced by formaldehyde, it becomes the 
Eschweiler-Clarke reductive alkylation of amines on page 210. 




hco 2 h 



co 2 T + h 2 o 


R 4 

H-N: 

R 3 


-Vq^ 

R 2 H 


HO H 

t 1 —|— N-R 3 ■ 
R 2 R 4 



R 2 R 4 


-h 2 o 


R 1 R 3 

V=N® 

R 2 R 4 


gem-aminoalcohol; iminium ion intermediate 


Rl® r 3 
hco 2 h ^^a^'-r 4 

-- HJ H - 

reduction 


-co. 


R 1 
R 2 -) 

H H 


r3 

®r . 

-N-R 4 



Example l 4 


hco 2 h 


cho 


60 °C, 57% 


Example 2 6 



OHC' 


hco 2 h, h 2 o 

190 °C, autoclave 


16 h, 75% 



Example 3 7 




HC0 2 H, reflux 
7 h, 45% 
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Example 4' 


O NHCOCH 3 



h 2 ncho 


hco 2 h 

150°C OHCHN NHCOCH 3 



An unexpected intramolecular transamidation via a Wagner-Meerwein shift after 
the Leuckart-Wallach reaction 
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Lossen rearrangement 

The Lossen rearrangement involves the generation of an isocyanate via thermal or 
base-mediated rearrangement of an activated hydroxamate which can be generated 
from the corresponding hydroxamic acid. Activation of the hydroxamic acid can 
be achieved through O-acylation, O-arylation, chlorination, or O-sulfonylation. 
Such hydroxamic acids can also be activated using polyphosphoric acid, car- 
bodiimide, Mitsunobu conditions, or silyation. The product of the Lossen rear¬ 
rangement, an isocyanate can be subsequently converted to an urea or an amine 
resulting in the net loss of one carbon atom relative to the starting hydroxamic 
acid. 


» r l nh 2 + co 2 T 


Ri A N'°Y R2 
o 


H 


OH 


R'-N=C=0 


«'Vy " 2 

H O -- r'C^n^y 

o 

'OH 


0 G H °~ H ^ 

R 2 R 2 C0 2 + R 1 -N=C=0 


-:OH, 


isocyanate intermediate 


|_| 

„ n O decarboxylation 

Ri'YY'H --► R i-NH 2 * C0 2 t 

O ^-:B 


Example l 6 
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Example 3 8 
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McFadyen-Stevens reduction 


Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding 
aldehydes. 



II H 

R'^'N> NC S0 2 Ar 
H 


O 


B: 


J 


homolytic 

cleavage 


N 2 T 


O 

r^.h" 


o 


Example l 8 


Example 2 10 




Na 2 C0 3 , glass powder 
ethylene glycol 


microwave (450 W) 
90% 
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McMurry coupling 

Olefmation of carbonyls with low-valent titanium such as Ti(0) derived from 
TiCl 3 /LiAlH 4 . A single-electron process. 


R 1 1 . TiCI 3 , LiAIH 4 

>=o -► 

R 1 R 1 

)=< + TIO 

R 2 2. H 2 0 

R 2 R 2 


Ti(111)CI 3 + UAIH 4 -► Ti(0) 


R' single electron 

FO :Ti(0)- 

r 2 transfer 


/// / Ti T\ ///// 

6 6 

R 1 —|* *|—R 1 
R 2 R 2 


homocoupling 


radical anion intermediate 


6 6 

////Ti Ti///// 

6 6 

R 1 R 1 

\ / + 

//// Ti 

Ti///// 

1 - \ R 

r 1 _ t—H r1 

/ \ _ 

O 

O 

R 2 R 2 

R 2 R 2 

R 2 R 2 


oxide-coated titanium surface 


Example 1, Cross-McMurry coupling 7 



Example 2, Homo-McMurry coupling 8 



Zn, TiCI 4 , THF.IIO °C 


microwave (10 W), 10 min. 
87% 
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Example 3, Cross-McMurry coupling 9 


OMe 



Example 4, Cross-McMurry coupling 10 


Zn-TiCI 4 , THF 



MeO. 


O 



CHO OHC 



) 


+ 


-5 to 0 °C then 
reflux, 2.5 h, 77% 


O 


BnO 


OH 


MeO' 
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Mannich reaction 


Three-component aminomethylation from amine, aldehyde and a compound with 
an acidic methylene moiety. 



o 




Jc 

h h > 

r' n; r 


OH 

R 'N^H 

I 

R 


h%1 H - 

— r 'n^h 




When R = Me, the + Me 2 N=CH 2 salt is known as Eschenmoser’s salt (page 206) 



H 


© 


enolization 



The Mannich reaction can also operate under basic conditions: 



enolate 


formation 


-v 

9) 


R 


Example 1, Asymmetric Mannich reaction 2 


o 



Mannich Base 



Example 2, Asymmetric Mannich-type reaction 9 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 150, 
© Springer-Verlag Berlin Heidelberg 2009 










338 


Example 3, Asymmetric Mannich reaction 10 



Example 4 11 


N' 

EtOpC H 


^PMP 



L-proline, DMSO 
rt, 81% 


PMP^ 


NH O 


EtO,C 



syn 


Ph Ph 



O 


Ph Ph 
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Martin’s sulfurane dehydrating reagent 

Dehydrates secondary and tertiary alcohols to give olefins, but forms ethers with 
primary alcohols. Cf Burgess dehydrating reagent. 



Ph 2 S[OC(CF3) 2 Ph]2 


Ph 2 S=0 + HOC(CF 3 ) 2 Ph 


c 


H-^Of-Bu 

OC(CF 3 ) 2 Ph 


Ph 2 S, 


C OC(CF 3 ) 2 Ph 


Co-C(CF 3 ) 2 Ph 

Ph 2 S 

HOC(CF 3 ) 2 Ph + o - 


The alcohol is acidic 


r 


H^QC(CF 3 ) 2 Ph 


/)C(CF 3 ) 2 Ph protonation „ ph,S 

Ph 2 S -- OC(CF 3 ) 2 Ph + A 


H @ 

Cb-C(CF 3 ) 2 Ph 


Ph 2 s ^ QOC(CF 3 ) 2 Ph (3-elimination 

“ ElcB 


Ph 2 S=0 + HOC(CF 3 ) 2 Ph 


Example l 5 



OMe OBn 



•OPMB 


Example 2 6 
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Example 3 7 
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Masamune-Roush conditions for the Horner-Emmons reaction 


Applicable to base-sensitive aldehydes and phosphonates for the Horner- 
Wadsworth-Emmons reaction. a-Keto or a-alkoxycarbonyl phosphonate re¬ 
quired. 



DBU = l,8-diazabicyclo[5.4.0]undec-7-ene 



deprotonation 


© 

O O 
(EtO) 2 R^l 


OEt 


LiCI 

chelation 




" AcO 


Example l 5 



o 

(OEt) 2 


RCHO 
LiBr, Et 3 N 



TFA 

75-95% 
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Example 3 7 



Ph" 


(EtO) 2 (0)P^V' Y 
O o 

LiBr, DBU, CH 3 CN, rt, 67% 



Example 4 X 


(EtO)2 


o 

P^COjEt 



THF, 92% 


Ph ^- C °2 Et 


Example 5 10 


o o Ph 

(MeO) 2 P^A N A 

H 



DBU, LiCI, THF, rt 
90% 



OMe 
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Meerwein’s salt 

Meerwein’s salts, also known as the Meerwein reagent, refer to trimethyloxonium 
tetrafluoroborate (Me 30 BF 4 _ ) and triethyloxonium tetrafluoroborate (Et 3 0 + BF 4 _ ). 
Named after the inventor Flans Meerwein, 1 these trialkyloxonium salts are power¬ 
ful alkylating agents. 



Preparation: 2 


4 BF 3 -OEt 2 + 6 Me 2 0 
+ 3 


3 Me 3 0 + BF 4 - + 4 Et 2 0 



4 BF 3 'OEt 2 + 2 Et 2 0 
© 

+ 3 CI^<J 


3 Et 3 0 + BF 4 - 



Example 1, The Meerwein reagent is an excellent O-alkylating agents 



Transforming an amide into its corresponding ethyl or methyl esters 
Example 2, Mefa/-methylation 4 


1. PhLi, Et 2 0, 0°C P Me 

Co(CO) 6 -► Co(OC) 5 ^ 


2. Me 3 OBF 4 


Ph 


— f-Bu, t-BuOMe 

45 °C, 79% 
Dotz reaction 


OH 



f-Bu 


OMe 


Example 3, A'-Alkylation, the product is an ionic liquid 8 


N x N- 


Me 3 0-BF 4 © 9/ =\ 

-* 4 h 3 C' n ^ n ^ CH: 


Et 2 0, 94% 
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Example 4, iV-Methylation 9 


SPh 


SPh 



N -S0 2 NMe 2 CH 2 CI 2 , rt 
\ 2. BuMeNH, CH 3 CN, A, quant. 


1. Me 3 OBF 4 , slow addition 
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Meerwein-Ponndorf-Verley reduction 

Reduction of ketones to the corresponding alcohols using Al(Oz-Pr) 3 in 
isopropanol. Reverse of the Oppemauer oxidation. 


o 

Al(0/-Pr ) 3 

OH 

0 

/ r2 

HO/'-Pr 

R^R 2 

A. 


c 

o 


Al(0/-Pr) 3 

coordination 


- 

X 

i-PrO O/'-Pr 

R 1 O/'-Pr 


,AI 

R 2 aH: 0^ AI " °/- P r 

= 

[4M 


hydride o 


cyclic transition state 

Al(0/-Pr) 2 H ® 


transfer 


+ i 

R^R 2 


OH 


R 1 R 2 


Example l 2 


MeO 



,.'H Al(0/-Rr) 3 •- H 


°H> 


HO/'-Pr, 90% 



.OH 


v 

O H 


Example 2 4 



(R)-BINOL (0.1 eq) 
AIMe 3 (0.1 eq) 

/-PrOH (4 eq) 
toluene 


OH 



43-99% yield 
R 30-80% ee 


Example 3 7 


Me Me 

MeO,, X ,0 


4 equiv Me^l, /-PrOH 


0 °C to rt, 24 h 


OTBDPS 



Me Me 

MeO,, X ,OH 


OTBDPS 

15 % 
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Example 4 Q 
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Meisenheimer complex 

Also known as the Meisenheimer—Jackson salt, the stable intermediate for cer¬ 
tain SNAr reactions. 


r-nh 2 

S N Ar, slow, 
rate-determining step 

no 2 

Sanger’s reagent, ipso attack 
Example l 7 






f-BuOK, DMF/THF 


-70 °C, argon 



Example 2 9 



ch 2 ci 2 

argon, rt, 3 h 




The reaction using Sanger’s reagent is faster than using the corresponding chloro-, 
bromo-, and iododinitrobenzene—the fluoro-Meisenheimer complex is the most 
stabilized because F is the most electron-withdrawing. The reaction rate does not 
depend upon the capacity of the leaving group. 
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Example 3 10 
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[1.2] -Meisenheimer rearrangement 

[1.2] -Sigmatropic rearrangement of tertiary amine iV-oxides to substituted hy- 
droxylamines. 


Example l 7 
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r i^ r r ^- r n ; 

R 2 ffi o 0 r 2 o r 2 o 



35% H 2 0 2 , CHCI 3 /MeOH, rt, 15 h 
then Pt0 2) rt, 4.5 h 



64%, 2 steps O 


JJ. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 156, 
© Springer-Verlag Berlin Heidelberg 2009 








350 


[2,3]-Meisenheimer rearrangement 


[2,3]-Sigmatropic rearrangement of allylic tertiary amine-,V-oxidcs to give O-allyl 
hydroxylamines: 


Example l 7 





R ,,Ph 

A'' 


PhSCKf 


Et 2 0, rt, 48 h 
48%, 61% de 



Example 2 8 
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Meyers oxazoline method 

Chiral oxazolines employed as activating groups and/or chiral auxiliaries in nu¬ 
cleophilic addition and substitution reactions that lead to the asymmetric construc¬ 
tion of carbon-carbon bonds. 




Example l 2 



OMe 


1. LDA TMSO 

2. TMSO^^^Br 

3. LDA 

4. M 62 SO 4 



OMe 


h 3 o® 


66 % yield 
70% ee 



Example 2 5 


OMe 



Example 3 9 



3 equiv /7-BuLi 
3 equiv (-)-sparteine 


Et 2 0, -78 °C, 4 h 
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Meyer-Schuster rearrangement 

The isomerization of secondary and tertiary a-acetylenic alcohols to a,(3- 
unsaturated carbonyl compounds via 1,3-shift. When the acetylenic group is ter¬ 
minal, the products are aldehydes, whereas the internal acetylenes give ketones. 

Cf. Rupe rearrangement. 


H® H 2 0 





Example l 6 



Example 2 7 



o 

cr P "o 

°''p^ p''° o 

TMSO X 0-P-OTMS 
OTMS 

CICH 2 CH 2 CI, 83 °C, 30 min. 



54% 



Example 3 8 
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Example 4 Q 


PMBN-- PMBN-- 
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Michael addition 


Also known as conjugate addition, Michael addition is the 1,4-addition of a nu¬ 
cleophile to an a,P-unsaturated system. 



Example 1, Asymmetric Michael addition 2 


Si(Me) 2 Ph PhMgBr, CuBr-DMS 


CPh, 


ether, THF, -55 °C 
92%, 92% de 


O Ph 


N'^- / ^Si(Me) 2 Ph 


I 

O. 


CPh, 


Example 2, Thia-Michael addition 


H 2 S, NaOMe HS 
MeOH, 75% 


Example 3, Phospha-Michael addition 7 

(EtO) 2 P(0)H 


MeO 


NH 

X 

Me 2 N NMe 2 


cat. 


O R 

U I OEt R = H, 71% 
MeO , / P^ 0Et R = Me, 51 % 


Example 4, Asymmetric aza-Michael addition 9 


Ph. ,NH 2 


Me0 2 C^ 0 ,- 


Nal, Na 2 C0 3 , Bu 4 NBr 
CH 3 CN, 82% 


Ph 


Me0 2 C. 


2:1 Ph"' 
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Example 5, Intramolecular Michael addition 10 


o 


cc^Ms 



-60 °C, 20 min. 
95% 


LiHMDS, DMF 


Mf 



’CO2M6 
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Michaelis-Arbuzov phosphonate synthesis 

Phosphonate synthesis from the reaction of alkyl halides with phosphites. 
General scheme: 



R 1 = alkyl, etc.', R 2 = alkyl, acyl, etc.; X = Cl, Br, I 


For instance: 


o 

(CH 3 0) 3 P + Br^A o , 


Br 


C > O 

CH 3 0>pffi^ C1 _| 3 

ch 3 o ° 


A ^ Br^A. Q ^CH 3 Sn 2 

(CH 3 0) 3 P: ^ 

Sm2 O O 

_„ CH 3°-F^J1^ ^ + CH 3 BrT 

CH 3 d 0 


Example l 2 



Example 2 6 


o 

Bn °~P^a + (BnO) 3 P 
BnO 


140 °C 


8 h, 92% 


0 0 

BnO-jJ ^OBn 
BnO ^OBn 


Example 3 7 



(EtO) 3 P, NiCI 2 


100 °C, 72 h, 10% 



Example 4 9 



Bn 


(MeO) 3 P 


105-110°C 
92-98% 


O O Me 

(MeOtfU^ 

Bn 
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Example 5 10 



TMSO-P(OEt) 2 


50 °C, 1 h, 82% 
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Midland reduction 

Asymmetric reduction of ketones using Alpine-borane®. 
Alpine-borane® = Z?-isopinocampheyl-9-borabicyclo[3.3.1 [nonane. 




(li?)-(+)-a-pinene 9-BBN 

9-BBN = 9-borabicyclo[3.3. 


(/^-Alpinc-borane 

ljnonane 




(R)-Alpine-borane, THF 


-10°C to rt, 95%, 88% ee 
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Example 3 8 

OH 

(R)-Alpine-borane (neat) 


rt, 74%, 93% ee 
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Minisci reaction 


Radical-based carbon-carbon bond formation with electron-deficient heteroaro¬ 
matics. The reaction entails an intermolecular addition of a nucleophilic radical to 
protonated heteroaromatic nucleus. 

2 AgNOa 

r-co 2 h + Q) < NH 4)2 S 20b 

In H 2 S0 4 



r-co 2 h 


2 AgN0 3 , (NH 4 ) 2 S 2 O s , H 2 S0 4 


silver-catalyzed 
oxidative decarboxylation 


co 2 




Example l 4 

s 2 o 8 “ + ch 3 oh -- -ch 2 oh + h + + so 4 = + so 4 


Example 2 5 



(NH 4 ) 2 S 2 O s 
M eOH, H 2 0 


reflux, 1 h, 40% 




1.6 equiv m-CPBA 


acetone, rt, 1.5 h 
75% 



(CH 3 ) 3 OBF 4 


CH 2 CI 2 , rt 
90 min. 


Meerwein’s reagent 



(NH 4 ) 2 S 2 O s 
M eOH, H 2 0 


reflux, 1 h 
40%, 2 steps 




1.6 equiv m-CPBA 


acetone, rt, 1.5 h 
78% 
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(CH 3 ) 3 o-BF 4 

CH 2 CI 2 , rt 
90 min., 85% 


|f BF4 

N" 

Ach, 


(NH 4 ) 2 S 2 0 8 
MeOH, H 2 0 

reflux, 1 h, 41% 


OH 



Example 3, Intramolecular Minisci reaction 6 
Et0 2 C v 


Example 4 7 



AgN0 3 , (NH 4 ) 2 S 2 O b 

CH 2 CI 2 , H 2 0, AcOH, TFA 
rt, 1 h, 46% 


BzN^C0 2 H 

(NH 4 ) 2 S 2 0 8 , AgN0 3 

TFA, H 2 0, 75 °C 
53% 



COoEt 



90 : 10 



Example 5 


co 2 h 



ho 2 c xo 2 h 

1 equiv 


0 


N 

10 equiv 


10 equiv FeS0 4 -7H 2 0 

h 2 o 2 , h 2 o, h 2 so 4 

CH 2 CI 2 , 0°C, 15 min. 
24% 
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Mislow-Evans rearrangement 

[2,3]-Sigmatropic rearrangement of allylic sulfoxide to allylic alcohol. 
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O A 

a, V 0 y% 

P(OCH 3 ) 3 h °y^- 


R 

R 

R. x'' T® 2 

3^1 ^ 

ibv csj 

2 Ar 

i 

[2,3]-sigmatropic 

2 

Ar '4^'Y^ 3 

rearrangement 

C R 


\P(OCH 3 ) 3 


Sm2 


Ar^P(OCH 3 ) 3 


, ® HO. 


Example 1“ 


Example 2 7 


TBSO 



Nal0 4 

dioxane/H 2 0 


50% 


PhS 


OMe 


TBSO 



CHO 



(EtO) 3 P, EtOH 
reflux, 16 h, 98% 


OMe 

MeO—^ No 


O^ ,,OTBS 
^OH 



Example 3, Seleno-Mislow-Evans 8 



1. PhSeCN, Bu 3 P, THF 

2. H 2 0 2 , pyr., THF, -30 °C 

62% 
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Mitsunobu reaction 

Sn 2 inversion of an alcohol by a nucleophile using disubstituted azodicarboxylates 
(originally, diethyl diazodicarboxylate, or DEAD) and trisubstituted phosphines 
(originally, triphenylphosphine). 



+ HNuc 


1° or 2° alcohol 


,C0 2 Et 

N=N 

Et0 2 C 


PPh 3 


Nuc 



0=PPh 3 


H , C0 2 Et 
+ N-N 
EtO 2 0 H 


EtOoC 


r>,C0 2 Et adduct 0O 2 Et 


„N=N 


:PPh, 


formation 


N-N 


H-4?uc 


C0 2 Et v H 
N-N 

Ph 3 ^ Et0 2 C 


Ph 3 P ffi Et0 2 C 


Diethyl azodicarboxylate (DEAD) 


^:OH 


alcohol 


activation 


Et0 2 C H 

N-N + 
H CO,Et 


0>PPh 3 S n 2 Nuc 

R 1 ^R 2 reaction R 1 R 2 
®Nuc 


0=PPh 3 


Example l 2 


CH 2 OAc PhC0 2 H CH 2 OAc 

-O DIAD, PPh 3 , THF z 1 -° 

OAc OH --» |N. OAc 

0A SJ X -50 °C to rt, 2 h, 80% qac'J_ 

OAc OAc 


O 2 0Ph 
2:1 P:a 


Example 2 3 




DEAD, PPh 3 , Tol. 


-30 to 0 °C, 1 h, 90% 
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Example 3, Ether formation 6 



.OH 


OMe 



Example 4 7 


ADDP = l,l'-(azodicarbonyl)dipiperidine 


TMS- 


O 

I —OH 
HN—/ 


Ph 


/ 


PPh 3 , DIAD, PhCH 3 


reflux, 60% 


TMS 


O-, 

M 


.Ph 


Example 5 s 



Example 6, Intramolecular Mitsunobu reaction 9 
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Miyaura borylation 

Palladium-catalyzed reaction of aryl halides with diboron reagents to produce 
arylboronates. Also known as Hosomi-Miyaura borylation. 



X = I, Br, Cl, OTf. 


Ar-X 


L 2 Pd(0) 


oxidative 


addition 


Ak 


,? d ‘X 



base 



transmetallation 


Ar> 






reductive 


elimination 



+ L 2 Pd(0) 


Example l 7 



Example 2 8 



Cbz 



3% (Ph 3 P) 2 PdCl 2 , 6 % Ph 3 P 
1.5 eq. K 2 CO 3 , dioxane, 90 °C 
85% 
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Example 3 9 



CbzHN^C0 2 Bn 



Pd(dppf)CI 2 , K 2 C0 3 
DMSO, 80 °C, 24 h 
85% 



Example 4, One-pot synthesis of biindolyl 10 



1. 1 mol% Pd 2 (dba) 3 , 4 mol% XPhos 
3 equiv HB(pin), 3 equiv Et 3 N 
dioxane, 100 °C 


2. 1 mol% Pd 2 (dba) 3 , 3 equiv K 3 P0 4 «H 2 0 
dioxane/H 2 0 (10 : 1), 100 °C 



MeO. 
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Moffatt oxidation 

Oxidation of alcohols using DCC and DMSO, aka “Pfitzner—Moffatt oxidation” 


N=C=N 


N N 
H H 


OH 

DCC 

O 

1 


A , 

R 1 R 2 

DMSO, HX 

R 1 R 2 


DCC, 1,3-dicyclohexylcarbodiimide 


1,3-dicyclohexylurea 


H ®'n=c=n 


cl 


> 


X 

HN-C=N 

& 


' :0 


R 1 R 


CUUO • 


V \® 0 

X cfA „ X 


R 1 R^ 


R^ 


r i^ r 2 + (CH 3 ) 2 S 


Example 1“ 


Example T 


References 


OH DCC, DMSO, C 5 H 5 NH + CF 3 COr 
OH 


PhH, rt, 70% 


A 0 CHO 




t°-r 0H 

\ / DCC, DMSO, CI 2 CHC0 2 l 

O O rt, 90 min., 90% O O 

A A 

A = adenosine 


1. Pfitzner, K. E.; Moffatt, J. G. J. Am. Chem. Soc. 1963, 85, 3027-3028. 

2. Schobert, R. Synthesis 1987, 741-742. 
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Morgan-Walls reaction 

Phenanthridine cyclization by dehydrative ring closure of acyl-o-aminobiphenyls 
with phosphorus oxychloride in boiling nitrobenzene. 



Example l 6 



Pictet-Hubert reaction 

The Morgan-Walls reaction is a variant of the Pictet-Hubert reaction where the 
phenanthridine cyclization was accomplished by dehydrative ring closure of acyl- 
o-aminobiphenyls on heating with zinc chloride at 250-300 °C. 


Example 2 4 
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Mori-Ban indole synthesis 

Intramolecular Heck reaction of o-halo-aniline with pendant olefin to prepare in¬ 
dole. 



Reduction of Pd(OAc) 2 to Pd(0) using Ph 3 P: 


AcO—Pd—OAc 
^ :PPh 3 


dO' ® 

AcO Ph 3 P—Pd-^OAc 
W 




Pa ™ * AcO 9 ' 


N. W 

O-PPhc 


0=PPh, 


O O 

-AA 


Mori-Ban indole synthesis: 



(3-hydride 

elimination 


H-PdBrL n 




(3-hydride 

elimination 




Regeneration of Pd(0): 

H-PdBrL n + NaHC0 3 *-**■ Pd(0) + NaBr + H 2 0 + C0 2 t 


Example l la 



Pd(OAc) 2 


Et 3 N, MeCN 
sealed tube 
110 °C, 87% 
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Example 2 4 



N 

s 


10 mol% Pd(OAc) 2 


Bu 4 NBr, K 2 C0 3 , 
DMF, 100 °C 
67% 





Example 3 


<.. 




Pd(OAc) 2 , Bu 4 NCI 


Et 3 N, DMF 
heat, DME, 76% 


Br 
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Mukaiyama aldol reaction 

Lewis acid-catalyzed aldol condensation of aldehyde and silyl enol ether. 

Lewis 

OSiMe 3 acid 


R 2 

R-CHO + Rli 


OH O 



R 1 




XX - 

Example 1, Intramolecular Mukaiyama aldol reaction 3 


Me 3 SiO O 
X SiMe 3 + 

R 1 


OH O 


r^ y' 'r 2 

R 1 


CH(OMe) 2 

O 1. LDA, THF, -78 °C, 10 min. 


EtO 2 0 

Et0 2 l 



2. 1.8 equiv TMSCI, -78 °C, 4 h 
92% 



TiCI 4 , CH 2 CI 2 


-78 °C to rt, 15 h 



OMe 



Et0 2 C' ' CO ,Et Et° 2 C C0 2 Et 


12 % 


40% 


Example 2, Mukaiyama aldol reaction 7 



X 


BF,-OEt,, DTBMP 


OHC 


"N 


Boc 


CH 2 CI 2 , -78 to -50 °C, 73% 



Example 3, Vinylogous Mukaiyama aldol reaction 8 


0^0 


CHO 


OSiMe 3 


1. PhC0 2 H, rt 

2. TFA, 60% 11 


V 

OH O O 


CN 


NC 
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Example 4, Asymmetric Mukaiyama aldol reaction 10 



Example 5, Mukaiyama aldol reaction 1 " 



conversion 
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Mukaiyama Michael addition 

Lewis acid-catalyzed Michael addition of silyl enol ether to an a,(3-unsaturated 
system. 



Example l 2 


OSiMe 3 1.0.1 mol% TBABB, THF, 3 h 

OMe 2. 1 N HCI, THF, 0°C, 0.5 h 
87% 

TBABB = tetra-w-butyl ammonium bibenzoate 


Example 2 


OSiMe 3 


OMe 


1. neat DBU, rt, 24 h 


2. 1 N HCI, THF, 68% 



Example 3 8 


OMe 


TBSO^ 


OMe 


OMe 



OMe 10 mol% Sc(OTf )3 
CH 2 CI 2 , -78 °C to rt 

10% HF/CH 3 CN quench 
85%, 20 : 1 (syn/anti) 


OMe 


MeO 



OMe 


Example 4 9 
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Mukaiyama reagent 

Mukaiyama reagent such as 2-chloro-l-methyl-pyridinium iodide for esterification 
or amide formation. 

General scheme: 



base R 3 


X = F, Cl, Br 

Example l lc 



Amide formation using the Mukaiyama reagent follows a similar mechanistic 
pathway. ld 

Example 2, Polymer-supported Mukaiyama reagent 5 




Tf 2 0, CH 2 CI 2 , 16 h, rt 
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I O 


NHBoc 



NH, 


polymer-supported 
Mukaiyama reagent 
Et 3 N, CH 2 CI 2 , rt 
16 h, 88% 


NHBoc 



Example 3 ' 


f-BuS 





Example 4, Fluorous Mukaiyama reagent 10 


1. Fluorous Mukaiyama reagent 
1 equiv DMAP, 3 equiv Et 3 N 
dry DMF, rt, 1 h 

RC0 2 H + R 1 NH 2 or R 2 OH-- RCONHR 1 or RC0 2 R 2 

2. H 2 0, rt, 5 min., 87-100% 


Fluorous Mukaiyama reagent 



Ci 0 F 2 i 
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Myers-Saito cyclization 

Cf. Bergman cyclization and Schmittel cyclization. 




allenyl enyne diradical 

Example l 3 




Example 2, Aza-Myers-Saito reaction 8 



MeOH 


0°C, 14 h 



CDCI, 


10 °C, 12 h Ph 


-CHO 
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Nazarov cyclization 

Acid-catalyzed electrocyclic formation of cyclopentenone from di-vinyl ketone. 





Example l 2 


o 



C0 2 Me 


ZrCI 4 , (CH 2 CI) 2 


60 °C, 36 h, 76% 



C0 2 Mg 


Example 2 6 


Example 3 
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Example 4 10 


MeO 



OAc 


10 mol% Sc(OTf) 3 
LiCI0 4 , 80 °C 


CICH 2 CH 2 CI (0.3 M) 
65% 

Example 5 11 


1. hv(350 nm), CH 3 CN, rt 


2./-Pr 2 NH, MeOH, 50 °C 
60%, 2 steps 
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Neber rearrangement 


a-Aminoketone from tosyl ketoxime and base. The net conversion of a ketone 
into an a-aminoketone via the oxime. 



1. KOEt 

2 . h 2 o 



+ TsOH 


o 


ketoxime a-aminoketone 



deprotonation 



cyclization 


0 


TsO 



azirine intermediate 


R 1 R 2 



R 2 


Example l 3 



1. nh 2 oh-hci 

2. TsCI, Pyr. 

93% 



1. KOEt 

2. HCI 

82% 


EtO OEt 



Example 2, A variant using iminochloride 5 


Ph 



NH-HCI 


HOCI 

100 % 



1. KOf-Bu 


2. HCI 
71% 



Example 3 8 

7 s 
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Example 4 Q 



i. h 2 noh 


2. MsCI, Et 3 N; 
DBU, Bu 3 P 
70-91% 
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Nef reaction 


Conversion of a primary or secondary nitroalkane into the corresponding carbonyl 
compound. 


NO, 

1. NaOH 

O 


T[ + 1/2 N 2 0 + 1/2 H 2 0 

R 1 R 2 

2. H 2 S0 4 

R^R 2 


<x®Co 


„„ e e 

N : -h 2 o a®,o 

R'f R 2 * .X 2 

H R 1 R 2 


HCX®,OH 

■ H® 

—W^Rl'TR 2 


HO 

O- 


nitronate 


:OH 2 

nitronic acid 


/ H0 ^ n ^h 

R 1 '^R 2 

OH 


N 


. H ® H °-N 


R 1 | R' 
OH 


R^R 2 

hi 


o o 

1 + HNO - - U + 1/2 N 2 0 + 1/2 H 2 0 

R-I^R 2 R 1^ R 2 


Example l 4 



1. NaOH, EtOH, 0 °C, 30 min. 


2 2. 3 M HCI, 0to20°C, 12 h, 68% 



Example 2 7 




no 2 



1.2M NaOH, MeOH 

2. ice-cooled KMn0 4 
45% 




2.2 equiv PMe 3 , THF, rt, 30 min. 


H 2 0, rt, 5 min. 


94%, 2 steps 
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Example 4 10 


R 


r 


-co 2 H hoac, hci r 



reflux, 2 h C0 2 H 
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mental breakdowns. He was also highly individualistic, and had never published with 
a coworker save for three early articles. 
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Negishi cross-coupling reaction 


The Negishi cross-coupling reaction is the nickel- or palladium-catalyzed coupling 
of organozinc compounds with various halides or triflates (aryl, alkenyl, alkynyl, 
and acyl). 


Fd-x 


+ R 2 Zn—Y 


NiL n or PdL n 
solvent 


R^R 2 


R 1 = aryl, alkenyl, alkynyl, acyl 

R 2 = aryl, heteroaryl, alkenyl, allyl, Bn, homoallyl, homopropargyl 
X = Cl, Br, I, OTf 
Y = Cl, Br, I 
L n = PPh 3 , dba, dppe 


Pd(0) or Pd(ll) complexes (precatalysts) 



Example l 3 


Vn 


HO— 


—O 

-0>' ph 

— '°^>—Ph 
L 0 


BrZnCH 2 C0 2 Et, Pd(Ph 3 P) 4 


HMPA/(CH 2 OCH 3 ) 2 (1:1) 
3.5 h, 40% 



Example 2 4 



NHTr 


activated 


Zn/Cu couple 
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Boc 


NHBoc 


Boc, 


CCM-Bu 


PdCI 2 (Ph,P) 2 , DMA 
40 °C, 79% 


■ BnO 


NHTr 


Example 3 s 



1. Zn, DMA, TMSCI, BrCH 2 CH 2 Br, 65 °C 


2. ArX (X = Br, OTf), PdCI 2 (dppf) (3 mol%) 
Cul (6 mol%), DMA, 80 °C 
41-97% 



Example 4 9 


1. f-BuLi, ZnCI 2 , Et 2 0, -78 °C 
2- Me Me 



Pd(PPh 3 ) 4 , THF, 0 °C 
85% 
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Nenitzescu indole synthesis 


5-Hydroxylindole from condensation of/?-benzoquinone and (3-aminocrotonate. 



Example l 5 




1. acetone, rt, 48 h 

2. 20% TFA, CH 2 CI 2 


86 % 



Example 2 6 



ch 3 no 2 , rt 


95% 




Example 3 7 



r 4 -nh 2 

rt 




HOAc, rt 
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Example 4 10 
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Newman-Kwart rearrangement 

Transformation of phenol to the corresponding thiophenol, a variant of the Smile 
reaction (page 513). 



The Newman-Kwart rearrangement is a member of a series of related rearrange¬ 
ments, such as the Schonberg rearrangement and the Chapman rearrangement 
(page 105), in which aryl groups migrate intramolecularly between nonadjacent 
atoms. The Schonberg rearrangement is the most similar and involves the 1,3- 
migration of an aryl group from oxygen to sulfur in a diarylthioncarbonate. The 
Chapman rearrangement involves an analogous migration but to nitrogen. 


Schonberg rearrangement Chapman rearrangement 
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Example 2 6 



o 
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Nicholas reaction 


Hexacarbonyldicobalt-stabilized propargyl cation is captured by a nucleophile. 
Subsequent oxidative demetallation then gives the propargylated product. 


OR 2 1 ■ Co 2 (CO) 8 

R 1 —-(-R 3 -- - 

R 4 2. H + or Lewis acid 2. [O] 


I.NuH Nu 

-► R 1 — ( R 3 

R 4 


(co 

(CO) 4 Co-Co(CO) 3 _ CO 


(co 

(CO) 3 Cq-Co(CO)3 


^ . OR 2 

-fR 3 

R 4 

(CO) 3 Co-Co(CO) 3 


-CO 


(CO) 3 Co-Co(CO) 3 


,J*l 


R 1 - 


© H 

,4^b3 'R 2 


atOR 2 
R 4 R 3 


(CO) 3 Co—Co(CO) 3 


NuH 


R 4 R 3 


(CO) 3 Co—Co(CO) 3 


R 1 - 


R 4 R 


R 4 R 3 


R 1 - 


4 A Nu 
R 4 R 3 


propargyl cation intennediate (stabilized by the hexacarbonyldicobalt com¬ 
plex). 

(CO) 3 Co—Co(CO )2 Nu 

0=C=0t + r.1 [A! R 1 = ( R 3 


[O] 


demetallation 


4 A Nu 
R 4 R 3 


Example 1, A chromium variant of the Nicholas reaction 3 

OH 
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Example 3, Intramolecular Nicholas reaction using chromium 7 
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Nicolaou IBX dehydrogenation 

a,(3-Unsaturation of aldehydes and ketones mediated by stoichiometric amounts of 
o-iodoxybenzoic acid (IBX), alternative to the Saegusa oxidation (page 482). 



A SET mechanism has also been proposed. Additionally, silyl enol ethers are 
also viable substrates. 



Example l la 
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Example 3 7 




40-90% 
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Noyori asymmetric hydrogenation 

Asymmetric reduction of carbonyls and alkenes via hydrogenation, catalyzed by a 
ruthenium(II) BINAP complex. 



The catalytic cycle: 


OR 1 



Example l lb 



Ru[(S)-BINAP](CF 3 C0 2 ) 2 
30 atm H 2 , rt, 96% ee 
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Example 4 10 


c 5 h. 


o o 

M 


OMe 


100 atm H 2 
Ru[(S)-BINAP]CI 2 


EtOH, rt, 75% 
98% ee 


OH O 

C 5 H 11 '^^OMe 
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Nozaki-Hiyama-Kishi reaction 

Cr-Ni bimetallic catalyst-promoted redox addition of vinyl halides to aldehydes. 


o 


. Cr(ll)CI 2 r , R 2-^ R 3 

OH 

1 

aprotic solvent K Cr(lll)ulX J 

R^R 3 

organochromium(lll) 


reagent 

allylic or 


homoallylic 

R 1 = alkenyl, aryl, allyl, vinyl, propargyl, alkynyl, allenyl 


R 2 = R 3 = aryl, alkyl, alkenyl, H 


X = Cl, Br. 1. OTf 


Solvent = DMF, DMSO, THF 



The catalytic cycle: 2 




2Cr(l I l)CI 3 


Ni(0) 


l 1 —Ni(ll)—(— 



Example l 3 


AcO 


OTHP 


CHO 


l'^^^ / ^OTBDPS 


10 eq CrCI 2 , cat. NiCI 2 


DMSO, 25 °C, 12 h, 80% 
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Example 3, Intramolecular Nozaki-Hiyama-Kishi reaction 8 



OH 


CHO 


5 equiv CrCI 2 , NiCI 2 


THF, 84% 



OTBDMS 


OTBDMS 


Example 4, Intramolecular Nozaki-Hiyama-Kishi reaction 9 



2. CrCI 2 , NiCI 2 , DMSO 
0.0025 M, 50 °C 
37%, 2 steps 


1. HCI, THF, 0.003 M dark 


HC 
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Nysted reagent 


The Nysted reagent, cyclo-dibromodi-|j.-methylene((J.-tetrahydrofiiran)trizinc, is 
used for the olefination of ketones and aldehydes. 





Example 1, The Wittig reagent opened the lactone: 6 


OMOM OMOM 




Example 2 8 
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Oppenauer oxidation 

Alkoxide-catalyzed oxidation of secondary alcohols. Reverse of the Meerwein- 
Ponndorf-Verley reduction. 


OH 

Al(0/-Pr) 3 

O 

II + 

OH 

Ri R 2 

O 

A. 

Ri R 2 



r 

OH 


(0/-Pr 

Al(0/-Pr) 2 


OH 


, AI(Oi-Pr) 2 



Ri R2 


coordination 



i-PrO Oi-Pr 

\ t 



hydride 

transfer 




cyclic transition state 


Example 1, Mg-Oppenauer oxidation 3 

1. EtMgBr, /-Pr 2 0 

2. PhCHO, 60% 




Example 2 6 



(/-PrO) 2 AI0 2 CCF 3 

p-0 2 N-Ph-CH0 


PhH, rt, 24 h, 70% 



Example 3, Mg-Oppenauer oxidation 8 

RMgCI-LiCI 


-20 °C 


R’CHO 


R 

^—OMgCI 
R' 


PhCHO 


0 °C to rt 



PhCH 2 OMgCi 
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Example 4 10 


\ 


/ 



CH 2 CI 2 , rt, 1 h k . M H3U C p 3 


EtOAIEt 2 




2 equiv 
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Overman rearrangement 


Stereoselective transformation of allylic alcohol to allylic trichloroacetamide via 
trichloroacetimidate intennediate. 



cat. NaH 
CI 3 CCN 



trichloroacetimidate 




Example l 5 




K 2 C0 3 , p-xylene 
reflux, 90%, 2 steps 

O 



Example 2 6 
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Example 3 7 




DBU, CCI 3 CN 


toluene, reflux 
51% 


O O 
N 

Bn 


NHC(0)CCI 3 
(CH 2 ) 3 OTBDPS 


Me F 
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Paal thiophene synthesis 

Thiophene synthesis from addition of a sulfur atom to 1,4-diketones and subse¬ 
quent dehydration. 


P 2 S 5 , tetralin 
reflux 


The reaction now is frequently carried out using the Lawesson’s reagent. For the 
mechanism of carbonyl to thiocarbonyl transformation, see Lawesson’s reagent on 
page 328. 






Example l 2 


Example 2 3 



Lawesson's reagent 
110°C, 10 min, 82% 
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Paal-Knorr furan synthesis 

Acid-catalyzed cyclization of 1,4-diketones to form furans. 


409 




Example 2 6 



Example 3 9 



phosphoric acid 


130-140 °C, 4-6 h 
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Example 4 10 


o o 

R^-CH=C-Lr 

SMe 


SnCI 2 , H® 
72-89% 


SMe 



Br 2 , CHCI 3 


88-92% 


30% HBr-HOAc, CHCI 3 , 58-64% 
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Paal-Knorr pyrrole synthesis 

Reaction between 1,4-diketones and primary amines (or ammonia) to give pyr¬ 
roles. A variation of the Knorr pyrazole synthesis (page 317). 



R 2 - nh 2 , 

-- R^n^R 1 

o 

R 2 
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Example 2 5 


nh 4 oac 


HOAc 
110 °C 
90% 


Example 3 9 



Example 4 10 





RNH 2 , AcOH, MeOH, 40 °C; or 
RNH 2 , AcOH, NaOAc, toluene, 60 °C; or 


NH 4 OAc, 28% NH 4 OH, EtOH, 40 °C 
30-96% 
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Parham cyclization 


The Parham cyclization is the generation by halogen-lithium exchange of aryllith- 
iums and heteroaryllithiums, and their subsequent intramolecular cyclization onto 
an electrophilic site. 



E.g. 



The fate of the second equivalent of t-BuLi: 



Example l 2 




Example 2 4 


OPMB 



n-BuLi 


Et 2 0, -78 °C 
64% 


OPMB 
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Example 3 5 

2 eq. n-BuLi 


THF, -78 °C 
2.5 h, 83% 

OMe 


Example 4 9 



PMB 
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Passerini reaction 


Three-component condensation (3CC) of carboxylic acids, C-isocyanides, and 
carbonyl compounds to afford a-acyloxycarboxamides. Cf. Ugi reaction. 


® e 

Fd-NEC 


o 

x ■ 

r 2 ^r 3 


R 2 R 3 9 


r 4 -co 2 h - 


oX. 


isocyanide 




Example 3 6 


FmocNH 


Me 

-^CHO 



CbzNH 



BocNH C0 2 H 
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Me 

Me O r^Me 


CH 2 CI 2 , 0 ”C -> rt 
3-5 days, 80% 


FmocNH 
O, 


CbzNH 


O 

NHBoc 


N C0 2 Bn 
H 


Example 4 1 2 3 4 5 6 7 8 9 10 
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Paterno-Biichi reaction 

Photoinduced electrocyclization of a carbonyl with an alkene to form polysubsti- 
tuted oxetane ring systems 



n, /t* triplet 



triplet diradical singlet diradical 

Example l 2 



Example 2 4 


Ph' 


o 

A 


Ph 



hr, C 6 H 6 


73% 


,/-Pr 



(E/Z = 6/1) 


Example 3 6 
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Example 4 s 


Ph 
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Pauson-Khand reaction 

Formal [2 + 2+1] cycloaddition of an alkene, alkyne, and carbon monoxide medi¬ 
ated by octacarbonyl dicobalt to form cyclopentenones. 




hexacarbonyldicobalt complex 


H 



exo complex sterically-favored isomer 



o 


Example l 3 



Co 2 (CO) 8 


benzene, 65 °C 
16 h, 23% 



Example 2, A catalytic version 6 


/ = 

Ts-N 



5 mol% Co 2 (CO ) 8 
20 mol% P(OPh ) 3 


3 atm CO, DME 
120 °C, 48 h, 94% 
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Example 3, Intramolecular Pauson-Khand reaction 9 



Example 4, Intramolecular Pauson-Khand reaction 10 



Co 2 (CO)g 

5 equiv Me 3 N02H 2 0 


THF/H 2 0 (3:1), 0°C tort 
7 h, 71% 
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Payne rearrangement 

The isomerization of 2,3-epoxy alcohol under the influence of a base to 1,2- 
epoxy-3-ol is referred to as the Payne rearrangement. Also known as epoxide mi¬ 
gration. 


aq. NaOH 




© 





Sn2 


G 

O 


H 


OH 


'O 


workup 


'O 


Example l 2 



NaOMe, MeOH 
reflux, 1 h, 84%’ 



Example 2 3 



Example 3, Aza-Payne rearrangement 8 



Example 4, Aza-Payne rearrangement 9 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 194, 
© Springer-Verlag Berlin Heidelberg 2009 














422 


References 

1. Payne, G. B. J. Org. Chem. 1962, 27, 3819-3822. George B. Payne was a chemist at 
Shell Development Co. in Emeryville, CA. 

2. Buchanan, J. G.; Edgar, A. R. Carbohydr. Res. 1970, 10, 295-302. 

3. Corey, E. J.; Clark, D. A.; Goto, G.; Marfat, A.; Mioskowski, C.; Samuelsson, B.; 
Hammerstrom, S. J. Am. Chem. Soc. 1980, 102, 1436-1439, and 3663-3665. 

4. Ibuka, T. Chem. Soc. Rev. 1998, 27, 145-154. (Review). 

5. Hanson, R. M. Org. React. 2002, 60, 1-156. (Review). 

6. Yamazaki, T.; Ichige, T.; Kitazume, T. Org. Lett. 2004, 6, 4073-4076. 

7. Bilke, J. L.; Dzuganova, M.; Froehlich, R.; Wuerthwein, E.-U. Org. Lett. 2005, 7, 
3267-3270. 

8. Feng, X.; Qiu, G.; Liang, S.; Su, J.; Teng, H.; Wu, L.; Hu, X. Russ. J. Org. Chem. 
2006, 42, 514-500. 

9. Feng, X.; Qiu, G.; Liang, S.; Teng, H.; Wu, L.; Hu, X. Tetrahedron'. Asymmetry 2006, 
17, 1394-1401. 

10. Kumar, R. R.; Perumal, S. Payne rearrangement. In Name Reactions for Homologa- 
tions-Part IT, Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 
474-488. (Review). 


423 


Pechmann coumarin synthesis 

Lewis acid-mediated condensation of phenol with (3-ketoester to produce cou¬ 
marin. 




Example l 6 



Example 2 8 
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Perkin reaction 

Cinnamic acid synthesis from aryl aldehyde and acetic anhydride. 


Ar-CHO + Ac 2 0 


AcONa 



cinnamic acid 


o to 


A 


^°OAc 


enolate 


formation 


© 

O O') 

A q Aa 

H ) Ar 

V 




Example l 7 


MeO 

CHO + MeO- 

MeO 7 


MeO 


Ac 2 0, Et 3 N, 90 °C ) - 1 >— C0 2 H 

__ MeO 


C ° 2 I~I 5 h, 66% 



MeO 


Example 2 9 


CIFoC 


Ph 


Ac 2 0, A 
AcONa, 46% 
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Petasis reaction 


Allylic amine from the three-component reaction of a vinyl boronic acid, a car¬ 
bonyl and an amine. Also known as boronic acid-Mannich or Petasis boronic 
acid-Mannich reaction. Cf. Mannich reaction. 


R!-B(OH) 2 


o 



OH 


R? -M R;s 


OH 



R 2 


^®,R 3 

N 3 

II 

r -n; Rs 

A 

r 2 

f- :OH 

\ Q^o 

Rl-B" 

HO OH 

Ri' 


OH 


Example l 2 


OH 

I 

Ph' /5 ^ B 'OH 




OH 



EtOH, rt 
84%, 99% de 



Example 2 4 


(HO) 2 B 


Me 

HO N-Bn 


HO. 

HO 


CHO 


MeNHBn, EtOH, rt 
\ —/ 24 h, 72%, 99% de 

OMe 


HO- 


OMe 


Example 3 9 



Example 4, Asymmetric Petasis reaction 10 


Rr 


B(OEt) 2 
R-i = aryl, alkyl 


H 

„ + 

R'l R 2 

R 2 = Bn, allyl 
R 3 = alkyl 


O 

A 


COoEt 


15 mol% (S)-VAPOL 


3 A MS, -15 C, Tol. 


R2 "n' R3 


C0 2 Et 

70-92% yield 
89:11 to 98:2 er 
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Petasis reagent 

The Petasis reagent (Cp 2 TiMe 2 , dimethyltitanocene) undergoes similar olefination 
reactions with ketones and aldehydes as does the Tebbe’s reagent. The originally 
proposed mechanism 5 was very different from that of Tebbe olefination. How¬ 
ever, later experimental data seem to suggest that both Petasis and Tebbe olefina¬ 
tion share the same mechanism, i.e., the carbene mechanism involving a four- 
membered titanium oxide ring intermediate. 9 Petasis reagent is easier to make 
than the Tebbe reagent. 




H H 



MeLi or 

,.ch 3 

Ti^ 

^ ^CH 3 

heat / 

-CH 4 f 

Cp, 

Ti=CH 2 

Cp 

MeMgCI 

H 



H 

, R 1 




Example l 2 




'Ph Cp 2 TiMe 2 


Me0 2 C-T " ch 3 
CHO 


THF, 65 °C 
8 h, 52% 


O 

Me0 2 C 


Ph 

CH, 



Example 3 5 
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Example 4 s 


r 3 r, 

r 2 "^n 


OMe 1 -8 equiv Cp 2 TiMe 2 

O Tol., THF, microwave, 65 °C 
3-10 min., ~ 50-60% 


R 3 R-i OMe 
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Peterson olefination 

Alkenes from a-silyl carbanions and carbonyl compounds. Also known as the 
sila-Wittig reaction. 


o 

H 

HO SiR 3 acid or 

R 1 H 

I + 

R^R 2 

M ®ofSiR 3 - 

R 3 

— r 2 ^^h - 

pi p3 base 

2^ 3 

R 2 R 3 


Basic conditions: 





syn- 


R 1 


H 


elimination p 2 p3 


(3-silylalkoxide intermediate 


Acidic conditions: 



rotation 



© 

H 2 0R 3 

r 1 'M"H 

R 2 SiR, 


E2 anti- 


elimination 


-:OHo 



(3-hydroxysilane 


Example l 6 


rr 


.OH 


HO / V A OBn 

OBn 


h 2 so 4 , THF 

23 °C, 24 h 
95% 



OBn 


99%, > 20:1 dr 


Example 2 7 


F 

PhOoS-'^'TBS 


1. n-BuLi, Et 2 0, -78 °C 


2. benzophenone, 63% 



Example 3 8 


(f-BuO)Ph 2 Sr CN 


1. KHMDS, THF, -78 °C 




88 % yield 
92:8 Z:E 
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Example 4 10 


1. LiCH 2 TMS, THF 0 °C, 15 min. 

2. KHMDS, 0 °C to rt, 1.5 h 


3. HCI, MeOH/Et 2 0, 5 min. 
74% 
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Pictet-Gams isoquinoline synthesis 

The isoquinoline framework is derived from the corresponding acyl derivatives of 
p-hydroxy-p-phenylethylamines. Upon exposure to a dehydrating agent such as 
phosphorus pentoxide, or phosphorus oxychloride, under reflux and in an inert 
solvent such as decalin, isoquinoline frameworks are formed. 


OH 



P 2 0 5) decalin 
reflux 



P 2 0 5 actually exists as P 4 O 10 , an adamantane-like structure. 



Example l 4 



Example 2 7 


P 2 o 5 


o-dichlorobenzene 

80% 
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Pictet-Spengler tetrahydroisoquinoline synthesis 

Tetrahydroisoquinolines from condensation of (3-arylethylamines and carbonyl 
compounds followed by cyclization. 




Example 2 7 



NHMe (CH 2 0) n 


aq. HCI, EtOH 
75% 


MeO 



/-PrO 
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Example 3, Asymmetric acyl Pictet-Spengler 9 



OHcr 


OTBDPS 


CH 2 CI 2 /Et 2 0 (3:1) 
Na 2 S0 4 , 23 °C, 2 h 



OTBDPS 




OTBDPS 


AcCI, 2,6-lutidine, Et 2 0 81% 2 steps 

-78 °C to -60 °C, 23 h 94% ee 
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Pinacol rearrangement 

Acid-catalyzed rearrangement of vicinal diols (pinacols) to carbonyl compounds. 





The most electron-rich alkyl group (more substituted carbon) migrates first. The 
general migration order: 

tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > phenyl > 
primary alkyl > methyl » H. 

For substituted aryls: 

p-MeO-Ar > p-Me-Ar >p-Cl-Ar >p-Br-Ar >p-MeOAr >p-0 2 N-Ar 


HO OH H ® 

R j M“R 2 - 

R 1 R 3 


HO (OH 2 

R~) \ R 2 

R 1 R 3 


-h 2 


o 


R^R- alky ' 

pi R 3 migration 



Example l 4 



Example 2 5 



1. MsCI, Et 3 N, CH 2 CI 2 
0°C, 10 min. 


2. Et 3 AI, CH 2 CI 2 , -78 °C 
10 min., 90% 



Ph 
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Example 3 7 
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Pinner reaction 


Transformation of a nitrile into an imino ether, which can be converted to either an 
ester or an amidine. 


HCI(g) NH 2 Cf 
R-CN + R l OH -2!* II 

R^OR 1 


R A ORi 


NH 3 , EtOH R'^"NH 2 "HCI 


nh 2 

A. 


H protonation 


r>® 

R—=NH 


=N: - 


R n -q- 

H 


nucleophilic 

addition 


NH 2 Cl - 

u 

R^OR 1 


(*NH 2 + Cf 
r'T'or 1 


hydrolysis 


HoOA 


H@ 

H 2 N|arH 

rAr 1 


common intermediate 


o 

1 

R'TIR 1 


Cf 2 c 
rAor 1 


H 3 N: 


nucleophilic 

addition 


A H 

hci-h 2 n (or 1 

rA(NH 2 

H 


nh 2 

x 

R NH 2 -HCI 


Example 1“ 


O Ph 


Ph N 
H 


Ph NH Ph NH 2 

EtSH, HCI, CH 2 CI 2 )—^ pyr., H 2 S )=( 

, -- N^O -► N v O 

N 0°C, 10 min., 95% Y 4h,0°C, 42% 

Ph Ph 


Example 2~ 


o 

x 

Ptr^tf 

H 


EtSH, HCI, CH 2 CI 2 


0 °C, 1 h, 85% 


O 


pyr., H 2 S 

Ph^N-V SB -* Ph^N— ^ SEt 

H II 2 h, 0 °C, 40% H 

NH 


O 

A 


Example 3 6 


? 2 MeOH, HCI 

' b 'OPh _ 


EtoO, 0 °C 


90% 


o 2 

X'OPh 

HCI-HN^OMe 


NaHCOo, Et,0 


-5 °C, 87-92% 


o 2 

f S "OPh 

HN^OMe 


J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 203, 
© Springer-Verlag Berlin Heidelberg 2009 


















439 





EtOH, rt 
36 h, 78% 


o 2 

I S '° Ph 

hn^nh 2 



Example 4 10 



HCI 


EtOH 

95% 



OEt 
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Polonovski reaction 


Treatment of a tertiary ,V-oxide with an activating agent such as acetic anhydride, 
resulting in rearrangement where an .V,,V-disnbstitutcd acetamide and an aldehyde 
are generated. 



(CH 3 C0) 2 0 
pyr., CH 2 CI 2 



O 



(Oi o 


acylation 


Y 


R 1 O 


- HO Ac 


R S?H 


R ° 


ch 3 co 2 


Q" 

ch 3 co 2 


lminium ion 


(o\ o 



The intramolecular pathway is also operative: 



□ 2 R 1 

YhM® r 



O 



Example l 1 


Example 2 2 




(CH 3 CO) 2 0 
< 30 °c, 98% 
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Example 3, Iron salt-mediated Polonovski reaction 9 


Me 
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Polonovski-Potier reaction 

A modification of the Polonovski reaction where trifluoroacetic anhydride is used 
in place of acetic anhydride. Because the reaction conditions for the Polonovski- 
Potier reaction are mild, it has largely replaced the Polonovski reaction. 



tertiary A-oxide 


f 3 c 

_ / 

® N-O©' 


(5). O 

JqX 


O' CF, 


acylation 




iminium ion 



enamine 


Example l 2 



Example 2 5 
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Example 3 8 

e 



Example 4 10 
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Pomeranz-Fritsch reaction 

Isoquinoline synthesis via acid-mediated cyclization of the appropriate ami- 
noacetal intermediate. 




OEt 





Example l 3 



BF 3 -AcOH, (CF 3 CO) 2 0 
60-82 % 


MeO 

MeO 



Example 2 4 


MeO OMe 



° Me 


TiCI 4 , CH 2 CI 2 
-78 °C, 69 % 



° Me 


J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 206, 
© Springer-Verlag Berlin Heidelberg 2009 














445 


Example 3 9 


OMe 



Example 4, Bobbitt modification 10 
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Schlittler-Miiller modification 

Simple permutation where the amine and the aldehyde switch places for the two 
reactants in comparison to the Pomeranz-Fritsch reaction. 



Example l 3 



OMe 



H 
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Prevost fraws-dihydroxylation 

Cf. Woodward cw-dihydroxylation. 
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w 

| 2 O 2 0Ph hydrolysis 

OH 

>v 

A 

AgQ 2 CPh 

OH 


, A 


A 


S w 2 


S n 2 


OoCHPh 


O - 

°Y° 

Ph 


cyclic iodonium ion intermediate neighboring group assistance 

e 

0 2 CPh 

0 2 CPh . , . . OH 

2 hydrolysis 


/ i 

o 


S n 2 


0 2 CPh 


>T< 


OH 


Ph 


Example l 5 



PhH, rt, 2 h, 
reflux, 10 h, 46% 



Example 2 9 


,0 2 C-C 6 H 4 -p-OMe AgOCOPh, l 2 


CCI 4 , 74% 


OH QAc 

l^^ i 0 0 2 C-C 6 H 4 -p-OMe 1.KOH, H 2 0 AcO,,,-OA c 


2. Ac 2 0, pyr. 


O' 
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Prins reaction 

The Prins reaction is the acid-catalyzed addition of aldehydes to alkenes and gives 
different products depending on the reaction conditions. 




Example 2 7 



(CH 2 0) n , Bi(OTf) 3 
CH 3 CN, rt, 10 h, 77% 
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Example 3 9 



ci 
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Pschorr cyclization 

The intramolecular version of the Gomberg-Bachmann reaction. 
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Example 2 8 
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Pummerer rearrangement 


The transformation of sulfoxides into a-acyloxythioethers using acetic anhydride. 


0 

11 o 

Ac 2 0 

Ri' S Y R2 

Ri-S^R 


OAc 


r O O 

© 

0 

-S^ „R 2 

acyl 

0 

§ 

R 1 't v - 

£ \ -AcO® R 

transfer 

2 H 

) 

B—S 




AcO 

- HOAc 

© 


R 1- S ^R 2 o r2 

R © . R !' b ' V ' K 


e 

AcO 


OAc 


Example l 2 



1. Me 2 C(OMe) 2 , H + 

2. m-CPBA, CH 2 CI 2 , -20 °C 


3. Ac 2 0, NaOAc, reflux, 6 h 
81% 



Example 2 7 



Example 3 8 
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Example 4 Q 



Bn ° O 


Ac 2 0, pyr., DMAP 



Bn O 


Bn' 


Bn' 


CH 2 CI 2 , rt, 91% 
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Ramberg-Backlund reaction 

Olefin synthesis via a-halosulfone extrusion. 


X 

R'^'S'^R 1 

pi 

Base / . 

_„ + o=s=ot 

>/ \' 

o o 

R 


r B 

X H 
R^S^R 1 

o o 


xf^S^R 1 

^ o''o 


backside 


displacement 


R 1 

j=J + o=s=oT 

R 

O' ’o 

episulfone intermediate 
Example l 4 

KOf-Bu, THF 
-15 °C to rt, 71% 

Example 2 5 





Example 3 6 


,Br 


KOt-Bu, THF/HOf-Bu 


cr 

"S0 2 CH 2 Br 0 °C to rt, 0.5 h, 65% 



J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 211, 
© Springer-Verlag Berlin Heidelberg 2009 











455 


Example 4, in situ chlorination 7 



TMSO' 


2. TsOH, H 2 0, EtOH 
rt, 95% 


1. f-BuOK, f-BuOH 
CCI 4 , rt, 65% 


■BuOH 


EtOH 



HO" 
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Reformatsky reaction 

Nucleophilic addition of organozinc reagents generated from a-haloesters to car¬ 
bonyls. 



OR^ 


Zn(0) 


oxidative addition or 
electron transfer 



nucleophilic 

addition 


O 



H 2 0, hydrolysis 
during workup 



Example l 4 

OTBDMS 

BrCH 2 CQ 2 Me Me0 2 C 

Zn, THF, reflux, 71% ^ 

Boc 

Example 2 6 


OTBDMS 



Boc 
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Example 3, Boron-mediated Reformatsky reaction 8 



Example 4, SmL-mediated Reformatsky reaction 9 
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Regitz diazo synthesis 

Synthesis of 2-diazo-1,3-diketones or 2-diazo-3-oxoesters using sulfonyl azides. 



c 


:NEt 3 


R 



proton 

transfer 



tosyl amide is the by-product 


When only one carbonyl is present, ethylformate can be used as an activating aux¬ 
iliary: 6 - 9 



Alternatively, the triazole intermediate may be assembled via a 1,3-dipolar 
cycloaddition of the enol and mesyl azide: 
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1,3-dipolar 
cycloaddition 



Example l 5 



Example 2 10 


ch 3 so 2 n 3 

CH 3 CN, 84% 
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Reimer-Tiemann reaction 


Synthesis of o-formylphenol from phenols and chloroform in alkaline medium. 



a. 


b. 


Carbene generation: 


chc'-H 


fast 


V_© 


OH 


0 

CCH - Cl , slow 

H 2 0 + Y 2 -► 

(Cl a-elimination 


:CCI, 


Addition of dichlorocarbene and hydrolysis: 

OH 



°) cl) 


OH 


CHCI 


CHO 


Example 1, Photo-Reimer-Tiemann reaction without base 7 

^chci 2 


hv (Hg lamp) 
CHCI 3 , 5 h, 48% 


Example 2 8 



CHCI 3 , 6 eq. NaOH 


2 eq. H 2 0, reflux 
4 h, 64% 



NHBoc 
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Reissert reaction 

Treatment of quinoline or isoquinoline with acid chloride and KCN gives qui- 
naldic acid, aldehyde, and KCN. 




Example l 3 
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Example 2, Reissert compound from isoquinoline 7 



chiral Al catalyst 
TMSCN, CH 2 =CHOCOCI 


CH 2 CI 2 , -40 °C, 72 h, 53% 



Example 3, Reissert compound fron isoquinoline 10 



48 h, rt, 96% Reissert compounds 
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Reissert indole synthesis 

The Reissert indole synthesis involves base-catalyzed condensation of an o- 
nitrotoluene derivative with an ethyl oxalate, which is followed by reductive cy- 
clization to an indole-2-carboxylic acid derivative. 






C0 2 Et KOEt, EtOH 
co 2 Et T— 



H 2 (30 psi), Pt0 2 
HOAc, 41-44% 



C0 2 Et 
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Example 3, Furan ling as the masked carbonyl 10 



HCI, EtOH 
reflux, 84% 
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Ring-closing metathesis (RCM) 



Grubbs’ catalysts Schrock’s catalyst 

Mes = mesityl 

All three catalysts are illustrated as “L n M=CHR” in the mechanism below. 
Generation of the real catalyst from the precatalysts: 


L n M=CHR 


a 


+ L n M = 


the active catalyst 


L n M=CHR ro 
) i [2 + 2 ] 


cycloaddition 


L n MrCHR 

cycloreversion /'’~" N =ML n 

^ --- =CHR + ( \ < 


[2 + 2 ] 


cycloaddition 

Catalytic cycle: 


ML cycloreversion 


Q 


L„M= 


L„M= 


Q 


L n M= 


) ( [2 + 2 ] 


cycloaddition 


cycloreversion 




V i Ln 


[2 + 2] VjML n cycloreversion 

cycloaddition 


0 


+ L n M= 
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Example l 3 



10 mol% (PCy 3 ) 2 CI 2 Ru=CHPh 


0.3 eq. Ti(0/-Pr) 4 
CH 2 CI 2 , 40 °C, 93% 



Example 2 s 



E = C0 2 Et 


Example 3 7 

r~\ 



Example 4 9 
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Example 5 10 


15 mol% Grubbs II 


toluene, 110 °C, 78% 

TES 

Example 6 12 
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Ritter reaction 

Amides from nitriles and alcohols in strong acids. 
General scheme: 



Similarly: 


Example l 3 


Example 2 4 


h 3 c-cn 


h 2 so 4 

h 2 o 




h 2 so 4 

MeCN 

89% 



f-BuOH, cone. H 2 S0 4 


70-75 °C, 75 min., 97% 
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Example 3 5 



Pt electrode, E = 2.5 V 
CH 3 CN, ucio 4 


H 2 0, 56%, dr 8:2 


Example 4'' 




fuming H 2 S0 4 CH 3 CN, rt, 30 min., 


then H 2 0, 100 °C, 2 h, 77% 
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Robinson annulation 

Michael addition of cyclohexanones to methyl vinyl ketone followed by in¬ 
tramolecular aldol condensation to afford six-membered a,(3-unsaturated ketones. 



methyl vinyl ketone (MVK) 



R R 


Example 1, Homo-Robinson 7 




1.2.5 equiv FeCI 3 , 0 °C 
2. NaOAc, reflux 


40% for 4 steps 



Example 2 s 


3 equiv TfOH, P 4 O 10 


CH 2 CI 2 , microwave 
40 °C, 8 h, 57% 
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Example 3, Double Robinson-type cyclopentene annulation 9 



10 equiv 



0.1 equiv FeCI 3 *6H 2 0 
CH 2 CI 2 , 60 °C, 2 d 


cone. H 2 S0 4 
0 °C, 1 h 


then rt, 16 h 


Example 4 10 




DBU, tol., reflux, 20 h, 16% 
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Robinson-Gabriel synthesis 

Cyclodehydration of 2-acylamidoketones to give 2,5-di- and 2,4,5-trialkyl, aryl, 
heteroaryl-, and aralkyloxazoles. 


-h 2 o 


Ri, R 2 , R 3 = alkyl, aryl, heteroaiyl 





Example 2 4 


OTIPS 



1. Dess-Martin, CH 2 CI 2 

2. Ph 3 P, BrCCI 2 CCI 2 Br 


3. DBU, CH 3 CN 

4. TBAF, THF 

42% 


OH 



(+)-hennoxazole A 


Example 3, Halogen effect 9 



2 equiv PPh 3 


CCI 4 , MeCN 
reflux, 97% 
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2 equiv PPh 3 


CBr 4 , MeCN 
reflux, 68% 



c°> 

N-N 


Br 


O 


Example 4 10 



. PPh 3 , C 2 Br 2 Cl4, CH 2 CI 2 
2 ,6-di-ferf-butylpyridine 
NaHC0 3 , CH 2 CI 2 , 0 °C 



,OTBS 


TBDPSO 


2. Et 3 N, MeCN, 0 °C to rt TBDPSO 


89% for 2 steps 
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Robinson-Schopf reaction 

1,4-Diketone condensations with primary amines to give tropinones. 




Example l 5 



J k 

MeO"\/^OMe 
KCN, citric acid, H 2 0, rt, 24-48 h 

then EtOH, reflux, 96 h 


Ph 


NC 
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Example 2 9 
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Rosenmund reduction 


Hydrogenation reduction of acid chloride to aldehyde using BaS0 4 -poisoned pal¬ 
ladium catalyst. Without this poisoning, the resulting aldehyde may be further re¬ 
duced to the corresponding alcohol. 


o 



h 2 

Pd-BaS0 4 


O 



/// / Pd Pd //// 


H-H 


/// /Pd v<y //// /// / Pd v<y //// 

- H--H -- H H 


H-Pd-H 


O 



Pd(0) 


oxidative 

addition 


Ad' C ' 


H-Pd-H 


ligand exchange 


Example l 4 




reductive 


elimination 


Pd(0) 


O 



O 



H 2 /Pd or Pd/BaS0 4 
2,6-dimethylpyridine, THF 


or H 2 /Pd-C/quinoline-S, PhH 
74-97% 


O 



Example 2 6 



NBoc 2 

Cl 'Y^^^C0 2 f-Bu 
O 


H 2 , 5% Pd/C 
2 ,6-lutidine 


THF, 2 h, 78% 


Example 3 9 


1. SOCI 2 , cat. DMF, reflux, 4 h 


2. H 2 , 5% Pd/C, EtOAc, 53% 




J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 222, 
© Springer-Verlag Berlin Heidelberg 2009 

















477 



References 

1. Rosenmund, K. W. Ber. 1918, 51, 585-594. Karl Wilhelm Rosenmund was bom in 
Berlin, Germany in 1884. He was a student of Otto Diels and received his Ph.D. In 
1906. Rosenmund became professor and director of the Pharmaceutical Institute in 
Kiel in 1925. 

2. Mosettig, E.; Mozingo, R. Org. React. 1948, 4, 362-377. (Review). 

3. Tsuji, J.; Ono, K.; Kajimoto, T. Tetrahedron Lett. 1965, 6, 4565-4568. 

4. Burgstahler, A. W.; Weigel, L. O.; Schafer, C. G. Synthesis 1976, 767-768. 

5. McEwen, A. B.; Guttieri, M. J.; Maier, W. F.; Laine, R. M.; Shvo, Y. J. Org. Chem. 
1983, 48, 4436-4438. 

6. Bold, V. G.; Steiner, H.; Moesch, L.; Walliser, B. Helv. Chim. Acta 1990, 73, 405- 
410. 

7. Yadav, V. G.; Chandalia, S. B. Org. Proc. Res. Dev. 1997, 1, 226-232. 

8. Chandnani, K. H.; Chandalia, S. B. Org. Proc. Res. Dev. 1999, 3, 416—424. 

9. Chimichi, S.; Boccalini, M.; Cosimelli, B. Tetrahedron 2002, 58, 4851-4858. 

10. Ancliff, R. A.; Russell, A. T.; Sanderson, A. J. Chem. Commun. 2006, 3243-3245. 


478 


Rubottom oxidation 

a-Hydroxylation of enolsilanes. 





The “butterfly” transition state 


H 


© 



k 2 co 3 , h 2 o 


hydrolysis 



Example l 2 


OSiMe 3 

^k^ c ° 2Me 


2.5 eq m-CPBA 
CICH 2 CH 2 CI 


0 °C to rt, 1 h, 80% 



Example 2 3 




1. m-CPBA, NaHC0 3 , pentane, 0 °C 


2. aq. K 2 C0 3 , 0 °C, 20 h, 80% 



Example 3 4 
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Example 4 5 



1. LDA, TMSCI 

2. m-CPBA, NaHC0 3 


3. K 2 C0 3 , MeOH 
72% 
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Rupe rearrangement 

Acid-catalyzed rearrangement of tertiary a-acetylenic (tenninal) alcohols, leading 
to the formation of a,[3-unsaturatcd ketones rather than the corresponding a,(3- 
unsaturated aldehydes. Cf. Meyer-Schuster rearrangement. 



Example l 4 



cone. H 2 S0 4 
CHCI 3 , HOAc, reflux, 1 h 



Example 2 8 
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Saegusa oxidation 


Palladium-catalyzed conversion of enol silanes to enones, also known as the 
Saegusa enone synthesis. 


Me 3 Sk 


0.5 Pd(OAc) 2 


Me 


0.5 p-benzoquinone 
benzene, rt, 3 h, 91% 



The mechanism is similar to that of the Wacker oxidation (page 564). 




(3-hydride 

elimination 



Regenerating the Pd(II) oxidant: 


OH 


Pd(0) + 2 HO Ac 


|j + Pd(OAc) 2 


OH 


Larock reported regeneration of the Pd(II) oxidant using oxygen: 4 


Pd(0) + 0 2 


O 

A 


OSiMe3 


O HO Ac 

Pd" i -► HOOPdOAc 

^O 


HOOSiMe 3 + Pd(ll)(OAc) 2 
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Example 2 8 



LDA, TBSCI 


HMPA-THF 

-78 to 0 °C, 93% 



OTBS 


Pd(OAc) 2 , 0 2 


DMSO, 80 °C 
48 h, 77% 



Example 3 10 


Pd(OAc) 2 , DMSO 


0 °C to rt, 12 h, 81% 
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Sakurai allylation reaction 

Lewis acid-mediated addition of allylsilanes to carbon nucleophiles. Also known 
as the Hosomi-Sakurai reaction. The allylsilane will add to the carbonyl com¬ 
pound directly if the electrophile (carbonyl group) is not part of an a,(3- 
unsaturated system (Example 2), giving rise to an alcohol. 



The P-carbocation is stabilized by the p-silicon effect 



Example l 2 



Example 2 6 
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Example 3 9 



Example 4 10 


HO H HO 

"HA 

BnN > NBn 
O OH 


^SiMe 3 


BF 3 *OEt 2 , CH 2 CI 2 
rt, 64% 
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Sandmeyer reaction 


Haloarenes from the reaction of a diazonium salt with CuX. 


ArN, 


® e 


CuX 


Ar-X 


X = CI, Br, CN 


e.g.: 


® 0 

ArN 2 Cl 


CuCI 


n,T 


Ar* + CuCI 2 


Ar-CI + CuCI 


Example l 4 



Example 2 7 



Example 3 8 



NaN0 2 , CuBr 
55% 


Example 4 9 




1. HOAc, H 2 0, H 2 S0 4 
reflux, 2 h 


2. NaN0 2 , 0 °C 

3. CuCN, 50 °C 
50-58% 
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Schiemann reaction 

Fluoroarene formation from arylamines. Also known as the Balz-Schiemann re¬ 
action. 


Ar—NH 2 + HN0 2 + HBF 4 -»- 


ArN 2 BF 4 


Ar-F + N 2 T+ BF, 


HO'% 


HBF 4 


® N 'W 
H 2 0) 'O: 


N 

_ HO' A} N N 

H 2 0 + NEO® -- o'' o' % 


Ar x ..9^ 0 '° 
NHo 


Ar wN 


H ^ 
N. *0 / 
v,N 


Ar N 


■-Y ® 

A ^N> m .OH 2 / 
Ar N' ' 


© © 

H 2 0 + Ar—N=N —— ArN 2 BF 4 


N 2 T + Ar + F-BF 3 - 


Ar—F + BF 3 


Example l 4 


NHo 


N NaN °2' HBF 4. H 20 


IN' iT A _» | N\ 

f A n A- n ; -10 to 0 °C, 25% f ^ n ^ L 'N 
R R 

R = 2,3-5-tri-O-acetyl-fi-D-ribofuranose 


Example 2, Photo-Schiemann reaction 6 


F„ NHBoc 1.HBF 4 
2. NaN0 2 


3. hv 


HN^N HN^N 


36% 


8% 


Example 3, Photo-Schiemann reaction 6 


H 2 N C0 2 Et NO + BF 4 - 

H 1 

HN [bmim][BF 4 ] 


hv 


C0 2 Et 


[bmim][BF 4 ] HN ^ N 
0 °C, 24 h, 56% 
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Example 4 10 



NaN0 2 


hbf 4 

93% 


N 2 + BF 4 - 

\g^"C0 2 Me 


160-200 °C 


sand, 67% 
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Schmidt rearrangement 

The Schmidt reactions refer to the acid-catalyzed reactions of hydrazoic acid with 
electrophiles, such as carbonyl compounds, tertiary alcohols and alkenes. These 
substrates undergo rearrangement and extrusion of nitrogen to furnish amines, ni¬ 
triles, amides or imines. 


o 

hn 3 

O 

rA R 2 

H + 

r2 L n .R’ . N S T 

H 


9 h® ®o' H hn 3 

r A r2 -' A ,- 

R R R^R 2 


HO N 3 
R^R 2 


R 1 R 2 

azido-alcohol 


,,N 9 ® 
ho n ® •—--»« ii 3 o' 


N® 

V-'' 

© 


-HoO 


R U ® 

)=N—N=N 


migration 


R 1 

R 2 ^=k® 

h 2 o 


nitrilium ion intermediate (Cf Ritter intermediate) 


- H® 


HO 


>=N 


tautomerization 


A. 


R 2 'N' 

H 


Example 1, A classic example 3 


Example 2 5 




NaN 3 , H 2 S0 4 


CHCI 3 , 92% 
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Example 3, Intramolecular Schmidt rearrangement 6 



Example 4, Intramolecular Schmidt rearrangement 6 


n 3 



Example 5, Intermolecular Schmidt rearrangement 9 
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Schmidt’s trichloroacetimidate glycosidation reaction 

Lewis acid-promoted glycosidation of trichloroacetimidates with alcohols or phe¬ 
nols. 



trichloroacetimidate 



deprotonation 



neighboring 
group assistance 

CH 3 6 

H 
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Example 2 7 



Example 3 9 



cci 3 



0.2 equiv TMSOTf, CH 2 CI 2 , -15 °C, 5 min. 
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Shapiro reaction 

The Shapiro reaction is a variant of the Bamford-Stevens reaction. The former 
uses bases such as alkyl lithium and Grignard reagents whereas the latter employs 
bases such as Na, NaOMe, LiH, NaH, NaNH 2 , etc. Consequently, the Shapiro re¬ 
action generally affords the less-substituted olefins (the kinetic products), while 
the Bamford-Stevens reaction delivers the more-substituted olefins (the thermo¬ 
dynamic products). 



Example l 2 



Example 2 3 



Example 3 7 



1. TsNHNH 2 , MeOH, THF 


2. n-BuLi, THF, -78 °C to rt 

3. aqueous workup 

69% 
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Example 4' 



NHTris 


1. n-BuLi 

2. MgBr 2 *OEt2 



O 




Me 


3. O 



Me 


Me 


Me 




Me 


55% yield 


Me 


one diastereomer 
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Sharpless asymmetric amino-hydroxylation 

Osmium-mediated cw-addition of nitrogen and oxygen to olefins. Regioselectiv- 
ity may be controlled by ligand. Nitrogen sources (X-NCINa) include: 


R P 

'Si 

0 " NCINa 
R = p-Tol; Me 


O 

x 

EtO NCINa 


O 

x 

BnO NCINa 


TMS^ 


A 


NBrLi 


NCINa 



chiral ligand 
K 2 0s0 2 (0H) 4 


CINaN-X 
f-BuOH, H 2 0 



HO NHX 


The catalytic cycle: 


© 

0s0 4 + CIN-X 




Example l lb 


o 

x 

BnO NCINa 


5 mol% (DHQD) 2 PHAL 
4 mol% K 2 Os0 2 (OH) 4 

n-PrOH/H 2 0 (1:1), 63% ee 
51% 


BnO 


-NH OH 
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(DHQD) 2 -PHAL = l,4-bis(9-0-dihydroqiiinidine)phthalazine: 



Example 2 2 


BnO' 


BnOCONH 2 

NaOH, f-BuOCI OH 

.C0 2 Et (DHQD) 2 AQN ^^A^C0 2 Et 


K 2 Os0 2 (OH) 4 JJ NHCbz 

n-PrOH/H 2 0 (1:1) BnO v 
rt, 12 h, 45%, 87% ee 


Example 3 6 



NaOH, urethane 
K 2 0s0 2 (0H) 4 
(DHQD) 2 PHAL 


1,3-dichloro-5,5-di- 
methyl hydantoin 
n-PrOH/H 2 0 


1. Cs 2 C0 2 , MeOH 

2. H 2 S0 4 
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Sharpless asymmetric dihydroxylation 

Enantioselective cis-dihydroxylation of olefins using osmium catalyst in the pres¬ 
ence of cinchona alkaloid ligands. 


AD-mix-(3 

/ 'd 

j 

(DHQD) 2 -PHAL 

HO OH 

Re ^ Ry 

s r l h m 

/ ^ s ,_ i 

K 2 Os0 2 (OH) 4 


/ RL / 

K 2 C0 3 , K 3 Fe(CN) 6 


R Rs Rm h 

R ^ H 

HO OH 

If 

AD-mix-a 


(DHQ) 2 -PHAL 


(DHQ) 2 -PHAL = l,4-bis(9-0-dihydroquinine)phthalazine: 



The concerted [3 + 2] cycloaddition mechanism:' 


o. y o 

)Os 

o' 'o 


[3 + 2]-like 
cycloaddition 


O 

?^> 


o' 

n 

;Os 

L 


?)- OS o' 


hydrolysis HO"" 


HO 


Example l 2 


EtOoC 


Example 2 4 



OH 

K 2 Os0 2 (OH) 4 

OH 

,„oj 


(DHQD) 2 PHAL 




OH 


K 2 C0 3 , MeS0 2 NH 2 
n 3 f-Bu0H/H 2 0(1:1) 
rt, 12 h, 90% de 


EtO,C 


OH 


BnO 


1. AD-mix-(3, MeS0 2 NH 2 
^/C0 2 Et f-BuOH/H 2 0 (1:1), rt, 12 h 


2. NosCI, Et 3 N, CH 2 CI 2 BnO' 

0 °C, 54%, 92% ee 

Nos = nosylate = 4-nitrobenzenesulfonyl 


OH 



C0 2 Et 


ONos 
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The catalytic cycle: (the secondary cycle is shut off by maintaining a low concen¬ 
tration of olefin): 



Example 3 9 


OMe 

AD-mix-a 


f-BuOH/H 2 0 (1:1) 
93%, 97% ee 
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Example 4 10 


K 2 0s0 2 (0H) 4 

(DHQD) 2 PHAL 


NMO 

acetone/H 2 0 

89% 
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Sharpless asymmetric epoxidation 

Enantioselective epoxidation of allylic alcohols using /-butyl peroxide, titanium 
tetra-wo-propoxide, and optically pure diethyl tartrate. 



The catalytic cycle: 


O/'-Pr 

L„t( 

O/'-Pr 
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The putative active catalyst and the transition state: 




Example l 3 


Ti(0/-Pr) 4 , 4 A MS, (+J-DET 


f-BuOOH, CH 2 CI 2 
-20 °C 


Me v v ^ OH 
crude: 88% yield, 92.3 % ee 


recrystallization: 73% yield, > 98% ee 


Example 2 3 


Example 3 11 



(-)-DIPT, Ti(0/-Pr) 4 


TBHP, 3 AMS 
50-60%, 88-92% ee 
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Sharpless olefin synthesis 


Olefin synthesis from the .vyn-oxidativc elimination of o-nitrophenyl selenides, 
which may be prepared using o-nitrophenyl selenocyanate and Bu 3 P, among other 
methods. 



[°] 



sy/7-elimination 

m -^ + 




Example 2 6 
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Example 3 9 



OH 


•OH 2. aq. H 2 0 2 , THF, pyr. 
-40 °C to rt, 90% 


1 . 


n-Bu 3 P, THF, rt, 78% 



SeCN 



OMe 


OMe 


Example 4 10 


HO 



1. 



SeCN 



n-Bu 3 P, THF, rt 


H 


r O 2. aq. H 2 0 2 , THF, 40 °C 
90% 2 steps 


H 


r O 
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Simmons-Smith reaction 

Cyclopropanation of olefins using CH 2 I 2 and Zn(Cu). 
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Zn 

I—CH 2 —I -► ICH 2 Znl 

Oxidative 

addition 

Simmons-Smith reagent 


2 ICH 2 Znl ■ (ICH 2 ) 2 Zn + Znl 2 


V Znl 

h 2 




Znl 2 


Example l 2 



Zn/Cu [from Zn and Cu(S0 4 ) 2 ] 
CH 2 I 2 , Et 2 0, reflux, 36 h, 90% 



Example 2, An asymmetric version 3 



78%, 94% ee 


Example 3, Diastereoselective Simmons-Smith cyclopropanations of allylic 
amines and carbamates 9 



Et 2 Zn, CH 2 I 2 , TFA 


CH 2 CI 2 , rt, 1 h 
92%, > 98% de 




Ph 
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Example 4 10 



1. PhMe 2 SiH, RhCI(PPh 3 ) 3 , 60 °C 

2. Et 2 Zn, CH 2 I 2 , 0 °C 


3. TsOH, MeOH 
83%, 3 steps 
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Skraup quinoline synthesis 

Quinoline from aniline, glycerol, sulfuric acid and oxidizing agent (e.g. PI1NO2). 





For an alternative mechanism, see that of the Doebner-von Miller reaction (page 
196). 


Example l 5 
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Example 2 6 



Example 3, A modified Skraup quinoline synthesis 8 
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Smiles rearrangement 

Intramolecular nucleophilic aromatic rearrangement. General scheme 


e.g.: 



X=S, SO, so 2 ,0, co 2 

YH = OH, NHR, SH, CH 2 R, CONHR 

Z = no 2 , so 2 r 



SfgAr 


spirocyclic anion intermediate (Meisenheimer complex) 


Example l 7 


o 



NaOH, DMA 





H 2 0, reflux 
59%, 3 steps 


HoN 



Example 2, Microwave Smiles rearrangement 9 



k 2 co 3 , 200 °c 


nw, NMP, 30 min. 
90% 
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Example 3 10 
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Truce-Smile rearrangement 

A variant of the Smiles rearrangement where Y is carbon: 
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Example l 6 



Example 2 7 



Example 3 s 




k 2 co 3 , dmf 


reflux, 73% 
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Example 4 10 
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Sommelet reaction 


Transformation of benzyl halides to the corresponding benzaldehydes with the 
aide of hexamethylenetetramine. Cf. Delepine amine synthesis (page 171). 


Ar 


N I_-N 

L-H —/ 




CHCI 3 


r/V 

Ml_N 

4-N ~J 


9 


® Ar 


h 2 o 


Ar 


,CHO 


hexamethylenetetramine 





N _ .. 



hydride 

transfer 


r', N '~CH 3 


- :OHo 


r/ N - 

nI_ 


ch 3 


% 


Ar 


Ar" 


^CHO 


r? N 

N-L_ 


-ch 3 
Ml^NH 


hemiaminal 


The hydride transfer and the ring-opening of hexamethylenetetramine may occur 
in a synchronized fashion: 


Example l 3 




n-IJSn 



1. HMTA, CHCI 3 , reflux, 6 h 


2. 50% H0Ac/H 2 0, reflux, 3 h 
40% 


CHO 



Example 2 4 



HMTA, H0Ac/H 2 0 (11:3) 
reflux, 4 h 


then 4.5 HCI, reflux, 1.5 h 
68% 
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Example 3 



F 



F 


HOAc, H ; 


HOAc, H 2 0 


CHO 


F 


Example 4' 



CCI 4 , reflux, 15 h 


NBS, BPO 



38% I 1 62% 


CHO 


HMTA, H 2 0/EtOH (1:1) 


reflux, 4 h, 75% 
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Sommelet-Hauser rearrangement 

[2,3]-Wittig rearrangement of benzylic quaternary ammonium salts upon treatment 
with alkali metal amides via the ammonium ylide intermediates. 




[2,3]-sigmatropic 

rearrangement 


ammonium ylide 




Example l 3 

Ph'^'N'^SiMe 3 


DMF, reflux 
18 h, 94% 



CsF, HMPA 
rt, 23 h, 86% 



Example 2 4 



CsF, HMPA 


10 °C, 0.5 h, 32% 




46:54 


Example 3 8 
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Example 4 10 



CO2M6 


f-BuOK, THF 


-60 °C, 4 h 
57%, > 20:1 cte 
R* = (-)-8-phenylmenthyl 
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Sonogashira reaction 


Pd/Cu-catalyzed cross-coupling of organohalides with terminal alkynes. Cf. 
Cadiot-Chodkiewicz coupling and Castro-Stephens reaction. The Castro- 
Stephens coupling uses stoichiometric copper, whereas the Sonogashira variant 
uses catalytic palladium and copper. 


R—X + - R' 

PdCI 2 -(PPh 3 ) 2 




Cul, Et 3 N, rt 




Ph 3 P^ 11 Cl 
.PdCT 

Ph 3 P ^Cl 



RT.=CC-OR' 



Note that Et 3 N may reduce Pd(II) to Pd(0) as well, where Et 3 N is oxidized to the 
iminium ion at the same time: 



LU 

©Z- 

J 

PdCI 2 + NEt 3 -- H 

—► 1 

Pd 

PdCI 2 

H’ 'Cl 


—NEt 2 Cl fc 


Cl- 


Pd 


reductive 


elimination 


HCI + Pd(0) 
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Example 2 3 



=—SiMe 3 


PdCI 2 -(Ph 3 P) 2 , Cul 
Et 3 N, rt, 65-74% 



Example 3 8 



PMPO 
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Staudinger ketene cycloaddition 

[2 + 2]-Cycloaddition of ketene and imine to form (3-lactam. Other coupling part¬ 
ners for ketenes include: olefin to give cyclobutanone and carbonyl to give (3- 
lactone. 


y x X = NR; O; CHR 

n 


I R r 3 ^r 4 r C 

K-| K 2 r ' 

— 

rR 2 

Ri 



puckered transition state: 


Example l 6 



o 

Ph °^ci 


Et 3 N, CH 2 CI 2 
10 °C to rt, 24 h 
88 % 


O 


PhO, 


^Of-Bu 


-p-Tol 


Example 2 7 



o 




ci 


Et 3 N, CH 2 CI 2 
-78 °C to rt, 60% 



Example 3 9 


xT 


,C0 2 Et 


'COCI 


PMPN=CHPMP 


Et 3 N, CH 2 CI 2 
-40 °C to rt 
15 h, 70% 


CO,Et 


PMP-N 



PMP 


major 


PMP. , H C0 2 Et 

, 0 ,, 


PMP-N 
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Example 4 10 


Me0 2 C C0 2 f-Bu 


Cl 



0 


Me0 2 C COot-Bu 




S' 


C0 2 H CH 2 CI 2 , Et 3 N 


Me 


Me0 2 C 


Me0 2 C 



,C0 2 f-Bu 

Ph 

y ‘>|-| 56 : 44 



,C0 2 f-Bu 


Ph—C=N—CH 2 —PMP 
H 


,o 


62% 


O' 


CH 2 PMP 


^ CH 2 PMP 
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Staudinger reduction 

Phosphazo compounds (e.g., iminophosphoranes) from the reaction of tertiary 
phosphine (e.g., Ph 3 P) with organic azides. 

Y M PR3 _ N 2 

x N 3 -- X— N=N—N=PRjg?- 4 » N-PR 3 

phosphazide 


© ® 


:PR 3 




N- pr 3 


n 'T 3 = 


Nr PR 3 


phosphazide 

n 2 | + x— n=pr 3 x-nh 2 + o=pr 3 


4-membered ring transition state 


Example 1“ 



OMe 

Ph 3 P, THF 


OTBDMS 


A, 81% 



OTBDMS 



Example 3 4 
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Example 4 X 


PBu 3 , toluene 
reflux, 20 h, 82% 




OAc 


Example 5 9 



NHBoc 


OAc 



OAc 



PPh 3 , H 2 0 


THF, 45 °C 
78% 
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Stetter reaction 

1,4-Dicarbonyl derivatives from aldehydes and a,|3-unsaturated ketones and es¬ 
ters. The thiazolium catalyst serves as a safe surrogate for “CN. Also known as 
the Michael-Stetter reaction. Cf Benzoin condensation. 




tautomerization 





®/—Ph 




® /—Ph 



Example 1, Intramolecular Stetter reaction 2 




TEA, /-PrOH, 80 °C 
67% 
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Example 3 



o 


COoMe 




.CO2M6 


Ph 


) (cat.) 


Et 3 N, DMF, 100 °C, 75% 


Example 4, Sila-Stetter reaction 9 



Et 


O 


O 


30 mol% 


N Q 

y Br® O 




HO' 


Ph 


Ph 


Ph' 


4 equiv /-PrOH, DBU, THF, 77% 


Ph O 
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Still-Gennari phosphonate reaction 

A variant of the Homer—Emmons reaction using bis(trifluoroethyl)phosphonate to 
give Z-olefins. 


o 

(CF 3 CH 2 0) 2 P^C0 2 CH 3 


KN(SiMe 3 ) 2 , 18-Crown-6 
then PhCH 2 CHO 


C0 2 CH 3 


CF 3 CH 2 0~(i 

cf 3 ch 2 o' 

H 



OMe 


SiMe -3 


SiMe-s 



Ph 


o) 

iCOCH 2 CF 3 
P ^OCH 2 CF 3 . 
H 

’C0 2 CH 3 


Ph 


© 

? / ,och 2 cf 3 
9tP'OCFI 2 CF 3 
"H 

'co 2 ch 3 


co 2 ch 3 


erythro isomer, kinetic adduct 


Example l 2 


KN(SiMe 3 ) 2 , 18-Crown-6 
O -78 °C, THF, 30 min. 

(CF 3 CH 2 0) 2 P\ -co 2 ch 3 -- 

then PhCH 2 CHO, 87% 


co 2 ch 3 


Example 2 3 


F 3 CH 2 CO^p// 

F 3 CH 0 CO 


O 9 


OEt 



Me 


Sn(0S0 2 CF 3 ) 2 , A/-methylpiperidine 
CH 2 CI 2 , 70%, E:Z = 96:4 



Example 3 4 


OTBS 



F 3 CH 2 C(X^// 

F 3 CH 2 CO 


.0 9 


OEt 


J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 245, 
© Springer-Verlag Berlin Heidelberg 2009 









528 


KHMDS, THF 
18-crown-6, -78 °C, 1 h 


89%, (Z)-isomer only 


OTBS 



Example 4 g 
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Stille coupling 

Palladium-catalyzed cross-coupling reaction of organostannanes with organic hal¬ 
ides, triflates, etc. For the catalytic cycle, see Kumada coupling on page 325. 

R-X + R 1 -Sn(R 2 ) 3 — Pd(0> » R-R 1 + X-Sn(R 2 ) 3 


R-X + L 2 Pd(0) 


oxidative 


addition 



R 1_ Sn(R 2 ) 3 


transmetallation 

isomerization 


X-Sn(R 2 ) 3 


Pd 

R ^R 1 


reductive 


elimination 


R-R 1 


+ L 2 Pd(0) 


Example l 4 




S0 2 Ph 


PdCI 2 *(Ph 3 P) 2 , Cul 
THF, reflux, 92% 



Example 2 5 



ci 



(MeCN) 2 PdCI 2 


AsPh 3 , NMP 
80 °C, 1.5 h, 55% 
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Stille —Kelly reaction 


Palladium-catalyzed intramolecular cross-coupling reaction of bis-aryl halides us¬ 
ing ditin reagents. 




Example l 6 



Me 3 Sn—SnMe 3 


PdCI 2 *(Ph 3 P) 2 
xylene, reflux, 92% 
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Stobbe condensation 

Condensation of diethyl succinate and its derivatives with carbonyl compounds in 
the presence of bases. 





C0 2 Et 

o 

1 R1 + 

^COjEt 

KOf-Bu 

R yC c ° 2 H 

R R 1 

^"C0 2 Et 

HOf-Bu 

R 1 



Example 1, Stobbe condensation and cyclization 5 



Example 2, Stobbe condensation 6 



Example 3, Cyclization of the Stobbe product 7 



NaOAc, Ac 2 0 
reflux, 57% 



OAc 
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Example 4, Two sequential Stobbe condensations 9 
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Strecker amino acid synthesis 


Sodium cyanide-promoted condensation of aldehyde, or ketone, with amine to af¬ 
ford a-amino nitrile, which may be hydrolyzed to a-amino acid. 


RlV H2N 


,R 2 


NaCN 


HN' 


H® HN' R 


AcOH Rl^CN 


r 1 '^'co 2 h 


. H® 

R 1 iQH 

H,N' 


Nr R 2 

r'^V r 

H 


NC 


\ 

^->^NH 
0 H R 2 


HN' 


‘ f 

H,0: 


HN' 


NH 


OH 


HN 


R :OH, 


NH, 


acidic amide HN 


lmimum ion 

,R 2 


NH, 


H 


O) hydr ° lySiS HO OH 

I® 


r2 

h® H 7' /tr. 

SkA lnh. 


HO (O 
H 


HN' R 

r 1 ^co 2 h 




toluene, 31% 

Example 3 8 


NaCN, nh 4 ci 
P h /-PrOH, NH 4 OH 
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Example 4 Q 



NaCN, BnNH 2 
AcOH, MeOH 


98% 
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Suzuki-Miyaura coupling 

Palladium-catalyzed cross-coupling reaction of organoboranes with organic hal¬ 
ides, triflates, etc. In the presence of a base (transmetallation is reluctant to occur 
without the activating effect of a base). For the catalytic cycle, see Kumada cou¬ 
pling on page 325. 


L 2 Pd(0) 

R-X + R 1 -B(R 2 ) 2 -- R-R 1 

NaOR 3 


oxidative 

R-X + L 2 Pd(0) _ 

addition 


R L 

Pd + R'-B(R 2 ) 2 
L V X 


NaOR 3 OR 3 

R 1— B(R 2 ) 2 
base ® 



transmetallation „ 0 

_^ R 3 0-B(R 2 ) 2 

isomerization 


Pd^ 


reductive 


elimination 


R-R 1 


L 2 Pd(0) 



Example 2 4 



SEM 



TBS 


Pd(Ph 3 P) 4 , Na 2 C0 3 , 45% 



Example 3, Intramolecular Suzuki-Miyaura coupling 8 
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OH 


cat. PdCI 2 (dppf), Ph 3 As 
K 3 PO 4 (aq), DMF, 71% 
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Swern oxidation 

Oxidation of alcohols to the corresponding carbonyl compounds using (COCl) 2 , 
DMSO, and quenching with Et 3 N. 


(COCI) 2 , DMSO 

OH CH 2 CI 2 , -78 °C 9 

R 1^ R 2 ' 
then Et 3 N 


R' R 2 


Cl 


° A 

Xci 


Qd 

®CI V® H. 
^ o' 

R^R 2 



Cl 


% 


-cr ycS's" 


Eh 


SCjV :NEt 3 



sulfi.tr ylide 


Example 1“ 


(C! 

H 

V _^:0 


R 1 R 2 


r A r2 + < CH 3>2ST 


OMe 



OMe OMe OH 


OH 1. (COCI) 2 , DMSO, -60 °C, 45 min 


2. Et 3 N, -60 °C, 15 min. then rt 
81% 


OMe 



OMe OMe O 


Example 2 3 


tmsch 2 ch 2 o 2 c 



Swern TMSCH 2 CH 2 0 2 C 
conditions 


80% 



Example 3 


OH 


CiiH 23 ,,, ( X v , CfiHi3 (C OCI) 2 , DMSO C ii H 23,.^^c 6 H 1 


OSiMe 2 f-Bu 


then Et 3 N, 89% 


OSiMe 2 t-Bu 
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Example 4 



OTBDPS then Et 3 N, 85% 


(COCI) 2 , DMSO 



OTBDPS 
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Takai reaction 


Stereoselective conversion of an aldehyde to the corresponding £-vinyl iodide us¬ 
ing CHI3 and CrCb- 


o 



CHI 3 , CrCI 2 

THF 





A radical mechanism was recently proposed 10 



Example 2 3 
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Example 3 4 


OTES 


OHC 


C02M6 


CHI 3 , CrCI 2 , 0 °C 


THF, 50% 


OTES 


^C0 2 Me 


Example 4, A Br/Cl variant 9 


6 equiv CrCI 2 , 2 equiv CHBr 3 


THF, 0 °C, 2.5 h, 67% 


1 : 1 


Example 5 10 


MOMO'" 



5.8 equiv anhydrous CrCI 2 
2 equiv CHI 3 


1,4-dioxane-THF (6:1) 
20 °C, 72 h, 88% 


MOMO' 



C0 2 Me 
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Tebbe’s reagent 

The Tebbe’s reagent, |j.-chlorobis(cyclopentadienyl)(dimethylaluminium)-|j.- 
methylenetitanium, transforms a carbonyl compound to the corresponding exo- 
olefin. 



Preparation: 2 ' 6 


Cp 2 TiCI 2 + 2 AI(CH 3 ) 3 


CH 4 t + AI(CH 3 ) 2 CI + Cp 2 Ti(^>l(CH 3 ) 2 


Mechanism: 3 


Cp 2 Ti 


Oa|(CH 3 ) 2 

Cl 


dissociation 

- CI-AI(CH 3 ) 2 + 


Cp 2 Ti—OH 2 

Ur- 

0 =<„ 


[2 + 2 ] 

cycloaddition 



retro-[2 + 2] 
cycloaddition 



Cp 2 Ti=0 


oxatitanacyclobutane fonnation of the strong Ti=0 

is the driving force. 


Example 1, Ketone 2 



Tebbe’s reagent, Tol. 


then the ketone substrate, 
THF, 0 °C to rt, 30 min., 67% 



Example 2, Double Tebbe 4 



2.5 eq 


C P. /\ / 

Ti Al 


Cp 


Cl 


THF, CH 2 CI 2 
-40 to 25 °C, 69% 
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Example 3, Double Tebbe 


3 equiv Tebbe's reagent in Tol. 
pyr., Tol./THF 


TBSO OBn OTBS 


OHC 


tb: ; 



■CHO 


-78 °C to -15 °C, 2 h 
86 % 



O OBn OTBS 
TBS 


O OBn OTBS 
TBS 


Example 4, /V-Oxidc 6 



N 



THF, 0 °C to rt, 90% 


e 


Example 5, Amide 11 



2. BH 3 , THF, H 2 0 2 , NaOH 
75-95% 


1. Tebbe's reagent 



OH 
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TEMPO oxidation 

TEMPO = Tetramethyl pentahydropyridine oxide. 2,2,6,6-Tetramethylpiperi- 
dinyloxy is a stable nitroxyl radical, which serves in oxidations as catalyst 


NaOCI, cat. TEMPO 

0 

II 

R OH 

KBr, NaHC0 3 , CH 2 CI 2 

R^OH 



Example l 4 



NaOCI, cat. TEMPO 


KBr, NaHC0 3 , CH 2 CI 2 
55% 
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Example 2, Trichloroisocyanuric/TEMPO Oxidation 5 


ci 

CX. .N. ,0 


'Y y 



0.01 mol equiv TEMPO 
0.05 mol equiv NaBr 
acetone, aq. NaHC0 3 , rt 
1-24 h, 75-100% 


Example 3 


o 



cat. TEMPO, 2 eq. 2,6-lutidine 



electrolysis in CH 3 CN/H 2 0 (95:5) 
95% 


Example 4 10 



OH 


Ormosil-TEMPO, NaOCI 



OH 


OH 


C0 2 H 


Cl 


CH 3 CN, NaHC0 3 , 5% 
0 °C, 80% 


Cl 


“Ormosil-TEMPO” is a sol-gel hydrophobized nanostructured silica matrix 

doped with TEMPO 
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Thorpe-Ziegler reaction 

The intramolecular version of the Thorpe reaction, which is base-catalyzed self¬ 
condensation of nitriles to yield imines that tautomerize to enamine. 




Example 1, A radical Thorpe-Ziegler reaction 2 



Bu 3 SnH, AIBN 
syringe pump 


PhH, 80 °C, 56% 



Example 2 5 


LDA, THF 
-78 °C to rt 


2 h, 80% 


Example 3 8 


KOH, EtOH 
reflux, 5 min., 80% 
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Example 4 Q 



OMe 


cr cn 


Et 3 N, reflux 
15 min., 91% 




OMe 
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Tsuji-Trost reaction 

The Tsuji-Trost reaction is the palladium-catalyzed substitution of allylic leaving 
groups by carbon nucleophiles. These reactions proceed via Jt-allylpalladium in¬ 
termediates. 



The catalytic cycle: 


Pd(0) or Pd(ll) precatalysts 



A: Coordination 
B: Oxidative addition 
(Ionization) 


C: Ligand exchange 
D: Substitution then 
reductive elimination 
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Example 1, Allylic ether 3 



Example 2, Allylic acetate 3 


Pd 2 (dba) 3 , dppb 


THF, 60-70 °C 
72% 




60 °C, 18 h, 79% 



Example 3, Allylic epoxide 5 




Pd(Ph 3 P)4, THF 
rt, 64 h, 35% 



Example 4, Intramolecular Tsuji-Trost reaction 6 



10 mol% Pd(OAc) 2 
10 mol% n-Bu 4 NCI 


P(OEt) 3 , NaHC0 3 
DMF, 100 °C, 77% 


Example 5, Intramolecular Tsuji-Trost reaction 7 
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Example 6, Asymmetric Tsuji-Trost reaction 


o 


BocO n o 



o 


Et0 2 C 



MeO' 


OH 


2.5 mol% (dba) 3 Pd 2 -CHCI 3 
7.5 mol% ent -cat 


30 mol% Bu 4 NCI 

ch 2 ci 2 


Et0 2 ( 



H 


O 


89% yield, 95% ee 


enf-cat = 
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Ugi reaction 

Four-component condensation (4CC) of carboxylic acids, C-isocyanides, amines, 
and carbonyl compounds to afford diamides. Cf. Passerini reaction. 


© e 

r-co 2 h + R 1 nh 2 + r 2 -cho + r 3 -n=c 



isocyanide 


r’-nh 2 


£) 


H q)H 


V 

H 



R 3 


imine 



Example l 2 



MeOH, A 
1 h, 90% 


OMOM NHPMP 
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Example 2 5 



Example 3 7 






'o ® 
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1. MeOH, rt. 

2. TBAF, THF 

54%, 2 Steps 


cy, 

NH 
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Ullmann coupling 

Homocoupling of aryl halides in the presence of Cu or Ni or Pd to afford biaryls. 




The overall transformation of Phi to PhCul is an oxidative addition process. 
Example l 3 



Cu powder, DMF 


100-105 °C, 4h,63% 



Example 2, CuTC-catalyzed Ullmann coupling 4 
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Example 4 s 
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van Leusen oxazole synthesis 

5-Substituted oxazoles through the reaction of p-tolylsulfonylmethyl isocyanide 
(TosMIC, also known as the van Leusen reagent) with aldehydes in protic solvents 
at refluxing temperatures. 





Example 2 5 
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Example 3 9 



Example 4 10 



TosMIC, k 2 co 3 


MeOH, reflux 
4h, 91% 



References 


1. (a) van Leusen, A. M.; Hoogenboom, B. E.; Siderius, H. Tetrahedron Lett. 1972, 13, 
2369-2381. (b) Possel, O.; van Leusen, A. M. Heterocycles 1977, 7, 77-80. (c) Sai- 
kachi, H.; Kitagawa, T.; Sasaki, H.; van Leusen, A. M. Chem. Pharm. Bull. 1979, 27, 
793-796. (d) van Nispen, S. P. J. M.; Mensink, C.; van Leusen, A. M. Tetrahedron 
Lett. 1980, 21, 3723-3726. 

2. van Leusen, A. M.; van Leusen, D. In Encyclopedia of Reagents of Organic Synthesis', 
Paquette, L. A., Ed.; Wiley: New York, 1995; Vol. 7,4973—4979. (Review). 

3. Anderson, B. A.; Becke, L. M.; Booher, R. N.; Flaugh, M. E.; Ham, N. K.; Kress, T. 
J.; Varie, D. L.; Wepsiec, J. P. J. Org. Chem. 1997, 62, 8634-8639. 

4. Kulkami, B. A.; Ganesan, A. Tetrahedron Lett. 1999, 40, 5633-5636. 

5. Sisko, J.; Kassick, A. J.; Mellinger, M.; Filan, J. J.; Allen, A.; Olsen, M. A. J. Org. 
Chem. 2000, 65, 1516-1524. 

6. Barrett, A. G. M.; Cramp, S. M.; Hennessy, A. J.; Procopiou, P. A.; Roberts, R. S. 
Org. Lett. 2001, 3, 271-273. 

7. Herr, R. J.; Fairfax, D. J., Meckler, H.; Wilson, J. D. Org. Process Res. Dev. 2002, 6, 
677-681. 

8. Brooks, D. A. van Leusen Oxazole Synthesis. In Name Reactions in Heterocyclic 
Chemistry, Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 254- 
259. (Review). 

9. Kotha, S.; Shah, V. R. Synthesis 2007, 3653-3658. 

10. Besselievre, F.; Mahuteau-Betzer, F.; Grierson, D. S.; Piguel, S. J. Org. Chem. 2008, 
73, 3278-3280. 




558 


Vilsmeier-Haack reaction 

The Vilsmeier-Haack reagent, a chloroiminium salt, is a weak electrophile. There¬ 
fore, the Vilsmeier-Haack reaction works better with electron-rich carbocycles 
and heterocycles. 




Example l 2 



MeO 



OMe 


Example 2 3 
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Example 3 9 



POCI 3 /DMF 


100 °c, 20 h 



CH 3 65% 



Example 4 10 
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Vinylcyclopropane—cyclopentene rearrangement 

Transformation of vinylcyclopropane to cyclopentene via a diradical intermediate. 




Example l 1 



Example 2 2 



S0 2 Ph 


1. n-BuLi, THF-HMPT 
-78 to -30 °C 

2. PhCH 2 Br 


3. desulfonylation 
77% overall yield 



Example 3 9 
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Example 4 10 



150 mol% Mgl 2 (0.2 M) 


CH 3 CN, 40 °C, 6 h, 75% 
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von Braun reaction 

Different from the von Braun degradation reaction (amide to nitrile), the von 
Braun reaction refers to the treatment of tertiary amines with cyanogen bromide, 
resulting in a substituted cyanamide. 



Br-CN 



Br-R 



Example 2 5 



Example 3 9 


OTBS 



OTBS 


BrCN, CH 2 CI 2 
reflux, 98% 


Br 


,20 

Ph' N 

/®\ 


CN 
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Wacker oxidation 

Palladium-catalyzed oxidation of olefins to ketones, and aldehydes in certain 
cases. 


cat. PdCI 2 , H 2 0 

0 

CuCI 2 , 0 2 






Example l 5 



Example 2 7 



10% Pd(OAc) 2 , hcio 4 

0.5 equiv benzoquinone 
CH 3 CN 



-CHO 
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Example 3 9 



0 2 , 20 mol% Cu(OAc) 2 
10 mol% PdCI 2 


DMA/H 2 0 (7:1) 
84% 



Example 4 10 
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Wagner-Meerwein rearrangement 

Acid-catalyzed alkyl group migration of alcohols to give more substituted olefins. 




Example l 3 



CH3SO3H 


cich 2 ch 2 ci 
50 °c, 86% 



Example 2, Double Wagner-Meerwein rearrangement 6 



TFA, CH 2 CI 2 
72 h, 76% 
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Example 3 7 
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Weiss-Cook reaction 

Synthesis of t7.v-bicyclo[ 3.3.0|octanc-3.7-dionc. The product is frequently decar- 
boxylated. 


EtO 2 0 


eio 2 c r 

0O 2 Et 

•-! • X 

aq. buffer 




EtO 2 0 


EtO 2 0 R 

0O 2 Et 


Eto,c 


Et0 2 C R o 

H 


EtOoC 


EtO,C 


Eto 2 c R 

o= 

EtO,C 



OH 

o 



Et0 2 C 

O 





EtO 2 0 C0 2 Et 

h rv < h 

EtO,C C0 2 Et 


EtO 2 0 R C0 2 Et 
„o>+^o 



EtOoC 


C0 2 Et 


Et0 2 C p C0 2 Et 



Et0 2 C R C0 2 Et 

H0 ^^° 

Et0 2 C Rl C0 2 Et 


Et0 2 C R C0 2 Et 



HO | , -OH 

r pi \ 

EtO 2 0 K 0O 2 Et 


Example 1“ 


Me0 2 C 
O 

Me0 2 C 


O O 



pH 5.6 



». Me0 2 C 


C0 2 Me 


Example 2~ 


co 2 ch 3 
o + 
co 2 ch 3 


O' CHO 


1. pH = 8.3 

2. HOAc/HCI, A 

90% 
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Example 3 4 


Example 4 g 



co 2 ch 3 

o 

co 2 ch 3 


1. pH = 6.8 

2. HOAc/HCI 


80% 




EtQ 2 C 


NaHC0 3 


H 2 0/MeOH 
rt, 24 h, 86 % 
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Wharton reaction 

Reduction of a, (3-epoxy ketones by hydrazine to ally lie alcohols. 




n 2 T + h 2 o 




hydrazone 



Example l 5 



Example 2 6 



TBDMSO 


NH 2 NH 2 >HCI, Et 3 N 

(dimethylamino)ethanol 

32% 



Example 3 7 
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White Reagent 


O, /—\ ,0 

Ph "S ■ S-p h 

Pd(OAc) 2 
White Reagent 


The White Reagent 1 is a highly versatile, commercially-available catalyst for 
allylic C-H oxidation which allows for the construction of useful C-O, C-N, and 
C-C bonds directly from relatively inert allylic C-H bonds (Figure l). 1-11 The 
White Reagent enables novel and predictable disconnections for the synthesis of 
complex molecules which can streamline their synthesis. 2,4,7 8 Widely available a- 
olefins undergo intra- and intermolecular C-H oxidation with remarkably high 
levels of chemo-, regio-, and stereoselectivity. Mechanistic studies provide 
evidence that the White Reagent promotes allylic C-H cleavage to generate n- 
allylpalladium intermediate 2 which can then be functionalized with an oxygen, 
nitrogen or carbon nucleophile (Figure l). 3 

Figure 1 


H 



Common organic functionality such as Lewis basic phenol 3, 3 acid-labile 
acetal 4, 8 highly reactive aryl Inflate 6, 11 and depsipeptide 5 5 are well-tolerated 
under the mild reaction conditions (Figure 2). In all cases the products are isolated 
as one regioisomer and olefin isomer after column purification. 

Current state-of-the-art methods for constructing C-N bonds rely on 
functional group interconversions or C-C bond forming reactions using 
preoxidized materials. Allylic amination using the White Reagent can streamline 
the synthesis of nitrogen-containing molecules by reducing the functional group 
manipulations necessary for working with oxygenated intermediates. Allylic C-H 
amination was used to synthesize (-)-8, an intermediate in the synthesis of L- 
acosamine derivative 9 (Figure 3A). 7 The C-H amination route to (-)-8 proceeded 
in half the total number of steps, no functional group manipulations, and 
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comparable overall yield to the alternative C-O to C-N bond-forming route. 
Intermolecular C-H amination has also led to the construction of (+)- 
deoxynegamycin analogue 12 in five less steps and improved overall yield 
compared to the alternative route relying on C-O substitution (Figure 3B). 8 


Figure 2 



+ pro-nucleophile (NuH) 
(1.5-2.0 equiv) 


< 3 , f 

Ph" s 

Pd(OAc) 2 

(10 mol%) 


\,0 

s ~Ph 1 


conditions 


Nu 



branched product (B) 


Nu 



linear product (L) 


BQ (2 equiv), 
dioxane, 43 °C 


branched allylic C-H oxidation linear allylic C-H amination 

OH 



Cr(salen)CI (6 mol%) : 
CO,Me SQ < 2 ec l uiv ’>■ TBME ’ 


45 °C 


OBn 

3, 65% yield, > 20:1 B:L (+)-4, 63%, > 20:1 E:Z, > 20:1 L:B 

branched macrolactonization linear allylic C-H alkylation 



5, 61% yield, 3:1 dr 


6, 64% yield, > 20:1 E;Z, > 20:1 L:B 


Figure 3 
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NHTs 


Pd(OAc) 2 
(10 mol%) 


Ph 1 


PhBQ (1.05 equiv) 

THF, 50 °C, 72 h 
78%, 9:1 dr crude TBSO 
(70% yield, 

1 isomer) 




(—)“8 


B. 


BocNH 


OA ,,o 

Ph 'p S d(OAcJ^ h 1 
(10 mol%) 

Cr(salen)CI (6 mol%) 


BocNH 


TMSEOoC CbzNHTs (2 equiv) 


steps 


,NTs 


OTMSE 


steps 


(-)-io 


BQ (2 equiv.), TBME 
54%, 1 isomer 


NTsCBz 




OMe 


Me' 


"NHAc 


(-)-N-acetyl-O-methyl 
acosamine 9 


BocNH O 

N' N P 

nh 2 ,2HBr H co 2 h 

(+)-deoxynegamycin 
analogue 12 


Similarly, allylic C-H oxidation can streamline the construction of 
oxygenated compounds by reducing functional group manipulations necessary for 
working with bisoxygenated intermediates. For example, a chiral allylic C-H 
oxidation/enzymatic resolution sequence furnished bisoxygenated compound 14 in 
97% ee and in 42% overall yield in just 3 steps from a commercially available 
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monooxygenated precursor, 11-undecenoic acid (Figure 4). 10 Alternative routes to 
similar molecules require protection/deprotection sequences and use a kinetic 
resolution giving a maximum of 50% yield. 


Figure 4 



undecenoic acid 


1. (MeO)NMe 
CDI, DCM 



2 ) 1 (10 mol%) 

(R,R)-Cr(salen)F 

(10 mol%) MeO v 

AcOH (1.1 equiv) I™*. ^ 

BQ (2 equiv) 42 o/ 0 overa || yie | d 
4 A MS, EtOAc, rt > 20:1 B:L, 97% ee 

3) Novazyme 435 



In addition to allylic C-H oxidation, the White Reagent also catalyzes 
intermolecular Heck arylations. 6 Notably, the arylation uses electronically 
unbiased a-olefins and aryl boronic acids and occurs under acidic, oxidative 
conditions. A one-pot allylic C-H oxidation/vinylic C-H arylation reaction 
furnishes /T-arylated allylic esters with high regio- and stereoselectivities (Figure 
5). This three-component coupling can be used to rapidly synthesize densely 
functionalized products from inexpensive hydrocarbon feedstocks. ;V-Boc 
glylcine allylic ester 9 was synthesized in one step using commercially available 
olefin, amino acid, and boronic acid reagents. Compounds similar to 15 have been 
transformed into medicinally relevant dipeptidyl peptidase IV inhibitors. 6 


Figure 5 


Branched allylic C-H esterification 

0 N /—\ ,0 

Ph ~Pd(OAc£ h 
t_L (10 mol%) 


Me 


1 -undecene 


N-Boc-Gly (2 equiv) 
BQ (2 equiv) 
dioxane, 45 °C 


Me- 


Oxidative Heck 


O 

O^^NHBoc 


(4-Br)PhB(OH) 2 
(1.5 equiv), 45 °C 


O 

o A_.NHBoc 



>20:1 E:Z 

>20:1 internakterminal 


Besides the one-pot process described above, the White Reagent 
catalyzes a chelate-controlled oxidative Heck arylation between a wide range of 
a-olefins and organoborane compounds in good yields and with excellent regio- 
and stereoselectivities (Figure 6). 9 Unlike other Heck arylation methods, no Pd-H 
isomerization is observed under the mild reaction conditions. Aryl boronic acids, 
styrenylpinacol boronic esters, and aryl potassium trifluoroborates (activated with 
boric acid) are all compatible with the general reaction conditions. 
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Figure 6 



a M M = B(OH) 2 
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Willgerodt-Kindler reaction 


Conversion of a ketone to thioamide, with functional group migration. 



hnr 2 


TsOH, S 8 , A 


S 



thioamide 


In Carmack’s mechanism, the most unusual movement of a carbonyl group from 
methylene carbon to methylene carbon was proposed to go through an intricate 
pathway via a highly reactive intermediate with a sulfur-containing heterocyclic 
ring. The sulfenamide serves as the isomerization catalyst, e.g.: 

o / \ s 



HN 


O 


TsOH, Sg, A 



thioamide 
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Example 1, The Willgerodt-Kindler reaction was a key operation in the initial 
synthesis of racemic Naproxen: 3 



Example 2" 



HN O 


S 8 , microwave 
4 min., 40% 



Example 3, A domino annulation reaction under Willgerodt-Kindler conditions: 10 

,CX 


Cl 



HN O 


S 8 , 130 °C, 6 h, 15% 
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Wittig reaction 

Olefmation of carbonyls using phosphorus ylides, typically the Z-olefin is ob¬ 
tained. 


o 

r 3 

Ri R 3 

a 

+ Ph 3 p=( 

— + Ph 3 P=0 

K 1 K 2 

r 4 

r 2 r 4 



“puckered” transition state, irreversible and concerted 


Example l 3 


Example 2 4 
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NHTs 
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Example 3 5 



f-BuC^C 


Tol., 70 °C 
70% 



Example 4 g 
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Schlosser modification of the Wittig reaction 

The normal Wittig reaction of nonstabilized ylides with aldehydes gives Z-olefins. 
The Schlosser modification of the Wittig reaction of nonstabilized ylides furnishes 
/T-olefins instead. 
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f-BuOH 
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Ph 

LiBr complex of (3-oxo ylide 

These conditions allow for the eryihreo betaine to interconvert to the threo betaine 


® _e 

+ Ph 3 P=0 + LiBr 

LiBr complex of threo betaine 
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Example 2 10 




PhLi, Bu 2 0/THF 
66 % 


PPh 3 Br 
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[1,2]-Wittig rearrangement 


Treatment of ethers with bases, such as alkyl lithium, results in alcohols. 


^ R 1 

R 2 Li R 1 

R^O 

i 

R'2'OH 

i 


The [1,2]-Wittig rearrangement is believed to proceed via a radical mechanism: 

e ^ 
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J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 270, 
© Springer-Verlag Berlin Heidelberg 2009 












583 


n-BuLi, THF 
Ph _ 

-20 to 0 °C, 32% 

Example 6 9 


LDA, THF 
-40 °C, 94% 
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[2,3]-Wittig rearrangement 


Transformation of allyl ethers into homoallylic alcohols by treatment with base. 
Also known as the Still—Wittig rearrangement. Cf. Sommelet-Hauser rearrange¬ 
ment. 
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[2,31-sigmatropic 
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rearrangement 

X^ 2 

2 


1 



R 1 = alkynyl, alkenyl, Ph, COR, CN. 


[2,3]-sigmatropic 

rearrangement 
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Example 4 6 


n-BuLi 

THF-pentane 

97% 
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Wohl-Ziegler reaction 

The Wohl-Ziegler reaction is the reaction of an allylic or benzylic substrate with 
/V-bromosuccinimide (NBS) under radical initiating conditions to provide the cor¬ 
responding allylic or benzylic bromide. Conditions used to promote the radical 
reaction are typically radical initiators, light and/or heat; carbon tetrachloride 
(CC1 4 ) is typically utilized as the solvent. 
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rf^ R+ bJS 
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~ // 
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o o 



Propagation: 

o o 



The succinimidyl radical is now available for the next cycle of the radical chain 
reaction. 


Example l 3 
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Example 2 



C0 2 Me 1.2 eq. NBS, 0.1 eq. AIBN 



-CO2M6 


solvent free, 60 to 65 °C 
89% 


Br 


Example 3 



Br, 



reflux, 71% 


NBS, CCI 4 


Br 


Example 4 g 



NBS, AIBN (cat) 



BocN 


O 


CCI 4 , reflux, 2 h, BocN-k 

95% x) 
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Wolff rearrangement 

Conversion of an a-diazoketone into a ketene. 




R 1 H 2 0 

)=c=o - 1 

R 2 


R 2 OH 


a-diazoketone ketene intermediate 


Step-wise mechanism: 





R 1 

)=c=o 

R 2 


a-ketocarbene 

Treatment of the ketene with water would give the corresponding homologated 
carboxylic acid. 


Concerted mechanism: 



Example 2 3 


hv, MeOH 
90% 
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Example 3 4 
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Wolff-Kishner reduction 

Carbonyl reduction to methylene using basic hydrazine. 


o nh,nh 2 

X — - 

R R 1 NaOH, reflux 


R R 1 


(o 

rXr 1 


NHoNH, 


S . 
HO 


NH 2 
(ho rN-H 

R^R 1 


H 

{N. 

N H 


R1 R 1 


V H 


e - 

HO 


H^N^R 

R 


1 -n 2 


r 

e 

R^Rl 


Co. 

H H 


R R 1 


Example 1, Huang Minion modification, with loss of ethylene here 5 



nh 2 nh 2 -h 2 o 

NH 2 NH 2 -2HCI KOH, 210 °C 


130 °C 


36% 



Example 2 7 


80% nh 2 nh 2 -h 2 o 


toluene, microwave 
20 min., 75% 
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Example 4, Huang Minion modification 10 



OMe 


NH 2 NH 2 -H 2 0 


diethylene glycol 
reflux, 4.75 h, 75% 



OMe 
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Woodward c/s-dihydroxylation 

Cf. Prevost /ra«.v-di hydroxy I ation. 


1. I 2 , AgOAc ^ 

- /ns 

2. H 2 0, H + H0 OH 


.4^ 


A 


Sn2 


Sn2 


ST . 
co n 


J OAc 


cyclic iodonium ion intermediate neighboring group assistance 

- hS . -* P rotonation 


H 2 0: 


:OH, 


HO O 


r 

® 'H 


S\° 

H-0 x 
hydrolysis 


HO °x 

HOO), 


>n< 

HO OH 


H 


Example l 1 



R 1 = Ac, R = H 
•Or 2 R 1 = H, R 2 = Ac 


Example 2 6 
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Yamaguchi esterification 

Esterification using 2,4,6-trichlorobenzoyl chloride (the Yamaguchi reagent). 



DMAP (dimethylaminopyridine) 


Q 



Steric hindrance of the chloro substituents blocks attack of the other carbonyl of 
the mixed anhydride intermediate. 


R 




X* 


Example 1, Intermolecular coupling 



n-Bu 3 Sn s 


OTES 


OH 


OMe 


ODMT 


2,4,6-trichlorobenzoyl chloride 
DMAP, Tot, Et 3 N 


rt, 24 h, 89% 


OMe 



ODMT 


OMe 


J.J. Li, Name Reactions , 4th ed., DOI 10.1007/978-3-642-01053-8 276, 
© Springer-Verlag Berlin Heidelberg 2009 







595 


Example 2, Intramolecular coupling 7 
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Zincke reaction 

The Zincke reaction is an overall amine exchange process that converts ,V-(2.4- 
dinitrophenyl)pyridinium salts, known as Zincke salts, to /V-aryl or /V-alkyl 
pyridiniums upon treatment with the appropriate aniline or alkyl amine. 






cis-trans 


inversion 



6k 

electrocyclization 





© 

Cl 
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Example l 5 




Example 3 9 



MeOH, reflux 
89% 




n-BuOH, heat, 61% 
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Example 4 10 



then NaOH 


Me 2 NH 


58% 


Zincke salt 


Me 2 N '^ % ^^ /CH0 


LiSnBu ; 


CHO 



50-55% 


Zincke aldehyde 
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Subject Index 
A 

abnormal Beckmann rearrangement, 34 
abnormal Chichibabin reaction, 108 
abnormal Claisen rearrangement, 121 
acetic anhydride, 54, 167, 204, 424, 440, 
442,452 

2-acetamido acetophenone, 92 
acetone cyanohydrin, 534 
acetonitrile as a reactant, 168 
a-acetylamino-alkyl methyl ketone, 167 
acetylation, 311 
acetylenic alcohols, 100 
a,(3-acetylenic esters, 225 
acid chloride, 11,461,476 
acid scavenger, 202 
acid-catalyzed acylation, 296 
acid-catalyzed alkyl group migration, 

566 

acid-catalyzed condensation, 131, 133 

acid-catalyzed cyclization, 409 

acid-catalyzed electrocyclic formation of 

cyclopentenone, 383 

acid-catalyzed reaction, 490 

acid-catalyzed rearrangement, 436, 480 

acidic alcohol, 339 

acidic amide hydrolysis, 534 

acidic methylene moiety, 337 

acid-labile acetal, 572 

acid-mediated cyclization, 444 

acid-promoted rearrangement, 190 

acrolein, 30, 509 

acrylic ester, 30 

acrylonitrile, 30 

activated hydroxamate, 332 

activated methylene compounds, 315 

activating agent, 440 

activating auxiliary, 458 

activating effect of a base, 536 

activating group, 288, 351, 440 

activation of the hydroxamic acid, 332 

activation step, 325 

a-active methylene nitrile, 254 

acyclic mechanism, 159 

acyl anhydride, 234 

acyl azides, 162 

acyl derivative, 432 

ZV-acyl derivative, 162 

ortho -acyl diarylmethanes, 66 

acyl group, 234 


acyl halide, 234 

acyl malonic ester, 263 

acyl transfer, 14, 322, 424, 452 

2-acylamidoketones, 472 

acylation, 8, 51, 234, 235, 296, 322, 332, 

440 

O- acylation, 332 

acylbenzenesulfonylhydrazines, 334 
acylglycine, 205 
acylium ion, 234, 240, 253, 319 
acyl-o-aminobiphenyls, 371 
a-acyloxycarboxamide, 415 
a-acyloxyketone, 14 
a-acyloxythioether, 452 
adamantane-like structure, 432 
1,4-addition of a nucleophile, 355 
addition of Pd-H, 373 
cw-addition, 496 
1,6-addition/elimination, 596 
ADDP, 366 
adduct fonnation, 365 
adenosine, 370 
aglycon, 221 

AIBN, 22, 23, 24, 25, 200, 546, 586, 

587 

air oxidation, 194 
Al(0;-Pr) 3 , 345 
alcohol activation, 365 
aldehyde cyanohydrin, 229 
Alder ene reaction, 1,2, 111 
Alder’s endo rule, 184 
aldol addition, 470 

aldol condensation, 3, 42, 107, 212, 238, 

274, 284, 375,424,470 

Algar-Flynn-Oyamada reaction, 6 

alkali metal amide, 517 

alkali metal, 44, 517 

alkaline medium, 460 

alkene, 1, 30, 236, 399, 417, 419, 430, 

448,490 

alkenyl anilines, 281 

alkenylation, 277 

alkoxide-catalyzed oxidation, 404 

alkoxide-catalyzed rearrangements, 214 

alkoxy methylenemalonic ester, 263 

a-alkoxycarbonyl phosphonate, 341 

alkyl alcohol, 231 

alkyl amine, 596 

alkyl cation, 236 

alkyl fluorosilane, 233 

alkyl group migration, 566 
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alkyl halide, 171, 236, 247, 325, 357 

O-allyl hydroxylamines, 350 

alkyl lithium, 494, 582 

alkyl migration, 319, 436 

IV-alkyl pyridinium, 596 

O-alkylating agent, 343 

alkylating agent, 236, 343 

TV-alkylation, 343 

alkylation reaction, 203 

alkyl-silane, 231 

alkyne coordination, 198 

alkyne insertion, 198 

alkyne, 98, 100, 148, 198, 236, 257, 259, 

419,519 

alkynyl copper reagent, 90, 98, 257, 519 

alkynyl halide, 90 

Allan-Robinson reaction, 8, 322 

allenyl enyne, 382 

all-trams-retinal, 88 

allyl ether, 584 

TT-allyl Stille coupling, 529 

allyl trimethylsilyl ketene acetal, 125 

allylic acetate, 549 

allylic alcohol, 100, 127, 363, 401, 406, 
502, 570 

allylic amination, 572 

allylic amine, 426, 507 

allylic bromide, 586 

allylic carbamate, 507 

allylic C-H amination, 572 

allylic C-H cleavage, 572 

allylic C-H oxidation, 572, 573, 574 

allylic epoxide, 549 

allylic ester enolate, 125 

allylic ether, 549 

allylic leaving group, 548 

allylic substrate, 586 

allylic sulfoxide, 363 

allylic tertiary amine-A-oxides, 350 

allylic transformation, 222 

allylic transposition, 1 

allylic trichloroacetamide, 406 

allyloxycarbenium ions, 222 

7t-allylpalladium intermediate, 548, 572 

allylsilane, 484 

(i?)-alpine-borane, 359, 360 

aluminum chloride, 253 

aluminum hydride, 100, 235 

aluminum phenolate, 240 

amalgamated zinc, 129 


amide, 33, 102, 105, 123, 328, 379,468, 
490, 543562 
amidine, 438 

amination, 58, 80-82, 330, 572, 573 
amine exchange, 596 
amine-catalyzed rearrangements, 214 
amino acid, 167, 534, 574, 575 
a-aminoacid, 167, 534 
a-amino ketone, 238, 385 
a-amino nitrile, 534 
aminoacetal intermediate, 444 
P-aminoalcohol, 177 
gem-ami noalcohol, 330 
o-aminobiphenyls, 371 
P-aminocrotonate, 391 
aminothiophene synthesis, 254 
ammonia, 107, 270, 274, 276, 411 
ammonium carbonate, 76 
ammonium sulfite, 74 
ammonium ylide intermediate, 517 
amphotericin B, 89 

aniline, 46, 81, 102, 131, 133, 194,251, 
263,281,373,394, 509, 596 
anilinomethylenemalonic ester, 263 
anion-assisted Claisen rearrangement, 

96 

anionic oxy-Cope rearrangement, 138 

p-anisyloxymethyl, 141 

oc-anomer, 222, 223 

P-anomer, 320 

anomeric center, 313 

anthracenes, 66 

AOM, 141 

aprotic solvent, 16, 401 
aralkyloxazole, 472 
Arndt-Eistert homologation, 10 
aromatic aldehyde, 229 
aromatic solvent, 202 
aromatization, 196, 234, 236, 517 
Arthur C. Cope, 217 
aryl aldehyde, 424 
aryl boronic acid, 87, 102, 574 
aryl diazonium salt, 262 
aryl groups migrate intramolecularly, 
393 

aryl halide, 64, 80, 368, 531, 554 
aryl hydrazine, 72 
aryl migration, 36, 165 
1,2-aryl migration, 215 
aryl potassium trifluoroborate, 574 
A-aryl pyridinium, 596 
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aryl-acetylene, 98 
(D-arylamino-ketone, 46 
arylation, 102,277, 332, 574 
O-arylation, 332 
arylboronates, 368 
(3-arylethylamine, 434 

2- aryl-3-hydroxy-4//-1 benzopyran-4- 
ones, 6 

arylhydrazone, 227 
O-aryliminoethers, 105 

3- arylindole, 46 
aryllithium, 413 
arylmethyl ether, 202 
asymmetric [3+2]-cycloaddition, 144 
asymmetric acyl Pictet-Spengler, 434 
asymmetric aldol condensation, 212 
asymmetric amino-hydroxylation, 496 
asymmetric aza-Michael addition, 355 
asymmetric Carroll rearrangement, 96 
asymmetric Claisen rearrangement, 118 
asymmetric construction of carbon- 
carbon bond, 351 

asymmetric Diels-Alder reactions, 143 
asymmetric dihydroxylation, 499 
asymmetric epoxidation, 300, 502 
asymmetric hydroboration, 71 
asymmetric hydrogenation, 399 
asymmetric intermolecular Heck reac¬ 
tion, 277 

asymmetric Mannich reaction, 337, 338 
asymmetric Mannich-type reaction, 337, 
338 

asymmetric Michael addition, 355 
asymmetric Mukaiyama aldol reaction, 
376 

asymmetric Petasis reaction, 426 
asymmetric reduction of ketones, 359 
asymmetric reduction, 359, 399 
asymmetric Robinson annulation, 271 
asymmetric Simmons-Smith, 507 
asymmetric Tsuji-Trost reaction, 550 
a-attack, 6 
(3-attack, 6 
aurone derivative, 7 
aza [1,2]-Wittig rearrangement, 582 
aza-Diels-Alder reaction, 187 
aza-Grob fragmentation, 268 
aza-Henry reaction, 284 
azalactone, 167 
aza-Myers-Saito reaction, 382 
aza-Payne rearrangement, 421 


aza-7t-methane rearrangement, 192 
azide, 52, 102, 162, 163, 458, 523 
azido-alcohol, 52, 490 
aziridine, 52, 146, 266 
azirine intermediate, 385 
TV-aziridinyl imine, 16 
azlactone, 204 

2,2'-azobisisobutyronitrile, 22, 24, 200, 
586 

l,l'-(azodicarbonyl)dipiperidine, 366 

B 

backside displacement, 454 
Baeyer-Villiger oxidation, 12, 70, 165 
Baker-Venkataraman rearrangement, 14 
Balz-Schiemann reaction, 488 
Bamford-Stevens reaction, 16, 494 
Barbier coupling reaction, 18 
Bartoli indole synthesis, 20 
Barton ester, 22 
Barton nitrite photolysis, 26 
Barton radical decarboxylation, 22 
Barton-McCombie deoxygenation, 24 
base-catalyzed condensation, 169, 463 
base-catalyzed self-condensation, 546 
base-induced cleavage, 273 
base-mediated rearrangement, 332 
base-promoted radical coupling, 262 
base-sensitive aldehyde, 341 
basic condition, 203, 337,430 
basic hydrogen peroxide conditions, 165 
basic oxidation, 70 

BaSCVpoisoned palladium catalyst, 476 
Batcho-Leimgruber indole synthesis, 28 
Baylis-Hillman reaction, 30 
9-BBN, 359 

Beckmann rearrangement, 33 
Bellus-Claisen rearrangement, 117 
benzaldehyde, 95, 108, 515 
1,4-benzenediyl diradical formation, 40 
benzil, 36 
benzilate, 36 

benzilic acid rearrangement, 36 

benzoin condensation, 38, 525 

/?-benzoquinone, 391 

benzothiazole, 309 

benzyl halide, 171,515, 586 

benzyl reagent, 202 

benzylation, 202, 203 

benzylic bromide, 586 

benzylic quaternary ammonium salt, 517 
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benzylic substrate, 586 
Bergman cyclization, 40, 382 
betaine, 578, 580 
biaryl, 554 

«s-bicyclo[3.3.0]octane-3,7-dione, 568 
Biginelli pyrimidone synthesis, 42 
biindolyl, 369 
bimolecular elimination, 30 
Birch reduction, 44 

2.4- b i s(4 -methoxypheny 1)-1,3- 
dithiadiphosphetane-2,4-disulfide, 328 
bis(trifluoroethyl)phosphonate, 527 
bis-acetylene, 90 

bis-aryl halide, 531 

1.4- bis(9-0-dihydroquinidine)- 
phthalazine, 496, 499 
Bischler indole synthesis, 46 
Bischler-Mohlau indole synthesis, 46 
Bischler-Napieralski reaction, 48 
5-isopinocampheyl-9-borabicyclo- 
[3.3.1]-nonane, 359 
bisoxygenated intennediate, 573 
Blaise reaction, 50 

Blum-Ittah aziridine synthesis, 52 
boat-like, 117 
Bobbitt modification, 445 
N-Boc glylcine allylic ester, 574 
Boekelheide reaction, 54 
Boger pyridine synthesis, 56, 188 
9-borabicyclo[3.3.1]nonane, 359, see 
also 9-BBN 

borane, 70, 87, 89, 143, 359, 360, 536, 
574 

Borch reductive amination, 58 
boric acid, 574 
Z-(0)-boron-enolate, 212 
boron trifluoride etherate, 222 
boronate, 87, 368 
boronic acid-Mannich, 426 
boronic acid, 87, 88, 102,426, 574 
boron-mediated Reformatsky reaction, 
457 

boron-protected haloboronic acid, 87, 88 
Borsche-Drechsel cyclization, 60 
Boulton-Katritzky rearrangement, 62 
Bouveault aldehyde synthesis, 64 
Bouveault-Blanc reduction, 65 
Br/Cl variant of the Takai reaction, 541 
Bradsher reaction, 66 
bromine/alkoxide for Hofmann rear¬ 
rangement, 290 


oc-bromoacid, 282 
bromodinitrobenzene, 347 
TV-bromosuccinimide, 586, see also NBS 
Brook rearrangement, 68 

[1.2] -Brook rearrangement, 68, 69 

[1.3] -Brook rearrangement, 68 

[1.4] -Brook rearrangement, 68 

[1.5] -Brook rearrangement, 69 
Brown hydroboration, 70 
BT, 309 

Bu 3 P, 505 

Bucherer carbazole synthesis, 72 
Bucherer reaction, 74 
Bucherer-Bergs reaction, 76 
Buchner ring expansion, 78 
Buchwald-Hartwig amination, 80, 102 
f-BuLi, 69, 199, 390, 413, 414, 582 
Burgess dehydrating reagent, 84, 339 
Burke boronates, 87 
butterfly transition state, 478 
t-butyl peroxide, 502 

C 

13 C-labelled a,(3-unsaturated ketone, 196 
Cadiot-Chodkiewicz coupling, 90, 98, 
519 

calystegine, 220 

camphorsulfonic acid, 203, see also 
CSA 

Camps quinoline synthesis, 92 
Cannizzaro reaction, 94 
carbazole, 60, 70, 72 
carbene generation, 460 
carbene mechanism, 428 
carbene, 10, 112, 156, 198, 428,460, 

588 

carbocation rearrangement, 176, 177 
(3-carbocation stabilization by the silicon 
group,231 

(3-carbocation stabilizationby the 13- 

silicon effect, 484 

carbocyclization, 220 

carbodiimide, 332, 370 

carbon Ferrier reaction, 222 

carbon monoxide, 253, 419 

carbon nucleophile, 222,484, 548, 572, 

see also C- nucleophile 

carbon tetrachloride, 586, see also CC1 4 

carbon-boron bond, 306, 328, 387, 430, 

434, 436 

carbonyl oxide, 161 
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carbonyl, 335, 399,456,484,490, 542 
(3-carbonyl sulfide derivative, 251 
1,2-carbon-to-nitrogen migration, 162 
carboxylic acid, 10, 22, 94, 202, 214, 
282,304,415,551 
carboxylic amide derivative, 273 
Carroll rearrangement, 96 
Castro-Stephens coupling, 90, 98, 519 
in situ Castro-Stephens reaction, 99 
catalytic asymmetric enamine aldol, 271 
catalytic asymmetric inverse-electron- 
demand Dicls-Alder reaction, 187 
catalytic cycle, 81, 143, 277, 288, 325, 
399, 401, 465, 496, 500, 502, 529, 536, 
548, 564 

catalytic Pauson-Khand reaction, 419 
CBS reagent, 143 
3CC, 415 
4CC, 551 

C-C bond rotation, 277 

CCL,, 97, 298, 319, 447,455, 473, 516, 

586, 587 

Celebrex, 318 

CH 2 I 2 , 470, 507, 508 

CH,OTf, 202 

chair-like, 117 

Chan alkyne reduction, 100 

Chan-Lam C-X coupling reaction, 102 

Chantix, 211 

Chapman rearrangement, 105, 393 
Chapman-like thermal rearrangement, 
106 

chelate-controlled oxidative Heck 
arylation, 574 

chemoselective tandem acylation of the 
Blaise reaction intermediate, 51 
chemoselectivity, 572 
CHI,, 540 

Chichibabin pyridine synthesis, 107 
chiral allylic C-H oxidation, 573 
chiral auxiliary, 212, 351 
chiral ligand, 496 
chiral oxazoline, 351 
chlorination, 332 

in situ chlorination, 455 
chloro substituent, 594 
chloroammonium salt, 292 
p-chlorobis-(cyclopentadienyl)- 
(dimethylaluminium)-p- 
methylenetitanium, 542 
chlorodinitrobenzene, 347 


chloroiminium salt, 558 
a-chloromethyl ketones, 276 

2- chloro-1 -methyl-pyridinium iodide, 
379 

3- chloropyridine, 112 
A-chlorosuccinimide, 150, see also NCS 
cholesterol, 321 

chromium (VI), 304 
chromium trioxide, 304 
chromium trioxide-pyridine complex, 
304 

chromium variant of the Nicholas reac¬ 
tion, 395 

Chugaev reaction, 110 
Chugaev syM-elimination, 110 
Ciamician-Dennsted rearrangement, 112 
cinchona alkaloid ligand, 499 
cinnamic acid synthesis, 424 
Claisen condensation, 113, 182 
Claisen isoxazole synthesis, 115 
Claisen rearrangement, 16,96, 117 
/>ara-Claisen rearrangement, 119 
ort/ 70 -Claisen rearrangement product, 
119 

classical Favorskii rearrangement, 217 
cleavage of primary carbon-boron bond, 
308 

Clemmensen reduction, 129 
C-O bond fragmentation, 240 
CO insertion, 198 
CO, 198,319 

cobalt-catalyzed Alder-ene reaction, 2 
Collins oxidation, 304 
Collins-Sarett oxidation, 305 
Combes quinoline synthesis, 131, 133 
combinatorial Doebner reaction, 195 
Comins modification, 64 
complexation, 87, 234, 240, 296, 484, 
564 

concerted oxygen transfer, 300 
concerted process, 113, 117, 137, 184, 
268, 499, 578, 588 

condensation, 3, 28, 38,42, 43, 60, 92, 
107, 113, 131, 133, 169, 182, 196, 204, 
212, 225, 229, 238, 254, 255, 270, 274, 
284, 286, 315, 375, 423, 434, 444, 463, 
470, 474, 525, 532, 534, 546, 551 
Aldol, 3, 424 
Benzoin, 38 
Claisen, 113 
Darzens, 169 
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Dieckmann, 182 
Guareschi-Thorpe, 270 
Knoevenagel, 254, 255, 315 
Stobbe, 532 

conjugate addition, 42, 196, 355, 391, 
509, see also Michael addition 
Conrad-Limpach reaction, 131, 133 
coordination and deprotonation, 102, 

345 

coordination, 102, 198, 345, 404, 548 
Cope elimination reaction, 135, 136 
Cope rearrangement, 119, 137 
copper catalyst, 257 
Corey’s PCC, 304 
Corey’s oxazaborolidine, 143 
Corey’s ylide, 146 

Corey-Bakshi-Shibata (CBS) reagent, 
143 

Corey-Claisen, 117 
Corey-Fuchs reaction, 148 
Corey-Kim oxidation, 150 
Corey-Nicolaou double activation, 152 
Corey-Nicolaou macrolactonization, 

152 

Corey-Seebach dithiane reaction, 154 
Corey-Winter olefin synthesis, 156 
Corey-Winter reductive elimination, 

156 

Corey-Chaykovsky reaction, 146 
coumarin, 423 
(-)-CP-263114, 304 
Cp 2 TiMe 2 , 428 

Cr(CO) 3 -coordinated hydroquinone, 198 
Cr(IV), 304 
CrCl 2 , 540 

Criegee glycol cleavage, 159 
Criegee mechanism of ozonolysis, 161 
Criegee zwitterion, 161 
Crimmins procedure for Evans aldol, 
212 

Crixivan, 301 

cross-coupling, 87, 88, 102, 259, 288, 
289, 299, 325, 389, 519, 529, 531, 536 
cross-McMurry coupling, 335, 336 
Cr-Ni bimetallic catalyst, 401 
CSA, 203,271,412,453, 505 
Cu(III) intermediate, 90, 98 
Cu(OAc) 2 , 102, 103, 259, 260, 299, 565 
cupric acetate, 102 
Curtius rearrangement, 162 
CuTC-catalyzed Ullmann coupling, 554 


cyanamide, 562 

cyanide, 38 

cyanoacetic ester, 270 

cyanogen bromide, 562 

cyanohydrins, 76 

cyclic intermediate, 159 

cyclic iodonium ion intermediate, 447, 

592 

cyclic mechanism, 159 
cyclic thiocarbonate, 156 
cyclic transition state, 345, 404 
cyclization of the Stobbe product, 532 
cyclization, 6, 40, 46, 60, 66, 115, 131, 
133, 173, 196, 220, 227, 255, 263, 281, 
371, 382, 383, 385, 400, 413, 417, 423, 
434, 444, 450, 463, 532, 596 
Bergman, 40 
Borsche-Drechsel, 60 
Ferrier carbocyclization, 220 
Myers-Saito, 382 
Nazarov, 383 
Parham, 423 
Pshorr, 450 

[2+2] cycloaddition, 78, 300, 465, 521, 
542, 578 

[2+2+1] cycloaddition, 419 
[3+2]-cycloaddition, 143, 499 
[4+2]-cycloaddition reactions, 184 
cyclobutane cleavage, 173 
cyclobutanone, 521 
cyclodehydration, 472 
cyclo-dibromodi-p-methylene(p- 
tetrahydrofuran)trizinc, 403 
cyclohepta-2,4,6-trienecarboxylic acid 
ester, 78 

cyclohexadiene, 44 
cyclohexanone phenylhydrazone, 60 
cyclohexanone, 60, 220, 383, 419,470 
cyclopentene, 560 
cyclopropanation, 112, 507 
cyclopropane, 146, 192, 560 
cyclopropanone intermediate, 214 
cycloreversion, 465 
C-C bond cleavage, 268 
C-C bond migration, 176, 177 

D 

Dakin oxidation, 165 
Dakin-West reaction, 167 
Danishefsky diene, 184 
Darzens condensation, 169 
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DBU, 15, 170, 206, 285, 290, 333, 341, 
342, 377, 386, 406, 407, 471, 472, 526, 
DCC, 23, 245, 370 
de Mayo reaction, 173 
DEAD, 223, 243, 248, 365, 366 
decalm, 432 

decarboxylation, 96, 263, 315, 332, 474, 
568 

dehydrating reagent, 339, 432 
dehydration, 46, 108, 408, 470, 480, 509 
dehydrative ring closure, 371 
Delepine amine synthesis, 171,515 
demetallation, 395 
Dcmjanov rearrangement, 175 
deoxygenation, 24 
(+)-deoxynegamycin, 573 
deprotonation of nitroalkanes, 284 
depsipeptide, 572 

Dess-Martin oxidation, 179, 180,472 
desulfonylation, 560 
desymmetrization, 95 
Dewar intennediate, 119 
(DHQ) 2 -PHAL, 499 
(DHQD) 2 -PHAL, 496 
diamide, 551 
diaryl compound, 262 
diastereomer, 311, 451, 495 
diastereoselective glycosidation, 313 
diastereoselective Simmons-Smith 
cyclopro-panation, 507 
l,8-diazabicyclo[5.4.0]undec-7-ene, 

341, see also DBU 
diazoacetic esters, 78 
2-diazo-1,3-diketone, 458 
a-diazoketone, 588 
2-diazo-3-oxoester, 458 
diazomethane, 10 
diazonium salt, 177, 262, 302, 486 
diazotization, 176, 177 
diboron reagents, 368 
dibromoolefin, 148 

1.3- dicarbonyl compounds, 317 

1.4- dicarbonyl derivative, 525 

1,3-dicyclohexylurea, 370 
dichlorocarbene, 112, 460 
Dieckmann condensation, 182 
Diels-Alder adduct, 184 
Dicls-Alder reaction, 56, 66, 143, 184, 
185, 186, 187 

diene, 44, 184, 186, 188, 192 

1,4-diene, 192 


dienone, 119 

Dienone-phenol rearrangement, 190 
dienophile, 56, 184, 186, 187 
diethyl diazodicarboxylate, 365, see also 
DEAD 

diethyl succinate, 532 
diethyl tartrate, 502 
diethyl thiodiglycolate, 286 
dihydroisoquinolines, 48 
cw-dihydroxylation, 499 

1,4-dihydropyridine, 274 
diketone, 14, 131, 173,270,286,408, 
409,411,458,474 
a-diketone, 286 
p-diketones, 14, 131 

1.4- diketone, 408, 409,411 

1.4- diketone condensation, 474 

1.5- diketone, 173 
dimerization, 255, 257, 299 
dimethylaminomethylating agent, 206 
dimethylaminomethylation, 206 
dimethylaminopyridine, 594, see also 
DMAP 

A.A-dimethylformamide dimethyl 
acetal, 28 

dimethylmethylideneammonium iodide, 
206 

dimethylsulfide, 150 
dimethylsulfonium methylide, 146 
dimethylsulfoxonium methylide, 146 
dimethyltitanocene, 428 
dinitrophenyl, 67 
diol, 156, 159,203,250, 436, 
diosgenin, 130 

1.3- dioxolane-2-thione, 156 
dipeptidyl peptidase IV inhibitor, 574 
diphenyl 2-pyridylphosphine, 244 
diphenylphosphoryl azide, 163, see also 
DPPA 

DIPT, 503 

1.3- dipolar cycloaddition, 161, 458, 459 
2 ,2-dipyridyl disulfide, 152 
diradical, 40, 192, 382, 417, 560 
AW-disubstituted acetamide, 440 
disubstituted azodicarboxylate, 365 

3.4- disubstituted phenols, 190 

4.4- disubstituted cyclohexadienone, 190 

3.4- disubstituted thiophene-2,5- 
dicarbonyl, 42, 286, 317, 525 
di-tert-butylazodicarbonate, 244 
dithiane, 154 
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ditin reagent, 531 
di-vinyl ketone, 383 
di-7t-methane rearrangement, 192 
2,4-dinitro-benzenesulfonyl chloride, 
243 

DMAP, 78, 103, 157,158, 161, 167, 
245, 380, 453, 594, 595 
DMFDMA, 28 
DMS, 150 
DNP, 67 

Doebner quinoline synthesis, 194 
Doebner-von Miller reaction, 196, 509 
domino annulation reaction under 
Willgerodt-Kindler conditions, 577 
Dotz reaction, 198 

double Chapman rearrangement, 106 

double imine, 227 

double Robinson-type cyclopentene 

annulation, 471 

double Tebbe, 542, 543 

double Wagner-Meerwein 

rearrangement, 566 

Dowd-Beckwith ring expansion, 200 

DowthermA, 134 

DPE-Phos, 82 

DPP A, 163, 164 

DTBAD, 244 

Dudley reagent, 202 

E 

E/Z geometry control, 125 
ElcB, 271,339 
E2, 30,31,424, 430 
E2 ^//-elimination, 430 
E2 elimination, 424 
E-allylic alcohols, 100 
EAN, 316 

ZT-arylated ally lie ester, 574 
EDDA, 315 
EDO, 184 

Eglinton coupling, 259 
Ei, 84 

electrocyclic formation, 383 
electrocyclic ring closure, 198 
electrocyclic ring opening, 78 
electrocyclization, 40, 131, 133,417, 
596 

electron transfer, 18, 44, 215, 266, 311, 
335, 456, 554 

electron-deficient heteroaromatics, 361 
electron-donating substituent, 44, 184 


electronically unbiased a-olefm, 574 
electron-rich alkyl group, 436 
electron-rich carbocycle, 558, 558 
electron-rich ligands, 80 
electron-withdrawing substituent, 44, 
184, 347 

electrophile, 30, 89, 146, 266, 325,484, 
490, 558 

electrophilic site, 413 
electrophilic substitution, 234, 296 
elemental sulfur, 254,408 
elimination, 30, 80, 84, 90, 98, 102, 110, 
135, 136, 156,229 
a-elimination, 460 
|3-elimination, 281, 339, 519 
syM-elimination, 505 
syM-(3-elimination, 277 
Emil Fischer, 222 
enamine formation, 271, 274 
enamine, 56, 107, 131, 442, 546 
enantioselective aromatic Claisen rear¬ 
rangement, 121 

enantioselective borane reduction, 143 
enantioselective c/s-dihydroxylation, 

499 

enantioselective epoxidation, 502 
enantioselective ester enolate-Claisen 
rear-rangement, 125 
enantioselective Mukaiyama-aldol 
reaction, 4 

enantiospecific Baker-Venkataraman 

rear-rangement, 14 

ene reaction, 1, 110, 121, 140 

enediyne, 40 

ene-hydrazine, 227 

enol, 96, 458 

enol ether, 355, 377, 397 

enol silane, 482 

enolate, 3, 125, 182, 206, 212, 250, 274, 
282,355,424,458,470,532 
enolates, enolsilylethers, 206 
enolizable hydrogens for ketones, 217 
enolizable a-haloketones, 214 
enolization, 8, 42, 282, 322, 323, 337 
enolsilane, 478 
enone, 173, 323, 482 
enophile, 1 

enzymatic resolution, 573 
episulfone intermediate, 454 
epoxidation 

Corey-Chaykovsky, 146 
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Jacobsen-Katsuki, 300 
Payne, 421 
Prilezhaev, 478 
Sharpless, 502 
epoxide migration, 421 
epoxide, 146, 300, 421, 478, 502 549 
cw-epoxide, 300 
Irarcs-epoxide, 300 
2,3-epoxy alcohol, 421 
a, (3-epoxy esters, 169 
a, (3-epoxy ketone, 570 
a, (3-epoxy sulfonylhydrazones, 208 
l,2-epoxy-3-ol, 421 
a, (3-epoxyketones, 208 
Erlenmeyer-Plochl azlactone synthesis, 
204 

erythreo betaine, 580 
erythro (kinetic adduct), Homer- 
Wadsworth-Emmons reaction, 294 
etythro isomer, 527 
Eschenmoser hydrazone, 16 
Eschenmoser’s salt, 206, 337 
Eschenmoser-Claisen amide acetal rear¬ 
rangement, 123 

Eschenmoser-Tanabe fragmentation, 
208 

Eschweiler-Clarke reductive alkylation 
of amines, 210, 330 
671 -electrocyclization, 131, 133, 596 
ester, 22, 26, 30, 50, 65, 78, 96, 103, 

113, 115, 117, 125, 127, 133, 169,214, 
225, 240, 245, 263, 270, 286, 328, 343, 
438, 525 

esterification, 379, 574, 594 
Et 3 0 + BF 4 “, 343 
Et 3 SiH, 245 

ether formation, 202, 339, 366, 584 

ethyl oxalate, 463 

ethylammonium nitrate, 316 

ethylenediamine diacetate, 315 

ethylformate, 458 

Evans aldol reaction, 212 

Evans syn, 212 

evolution of C0 2 , 167 

EWG, 184 

exo complex, 419 

extrusion of dinitrogen, 162 

extrusion of nitrogen, 56, 490 

F 

Favorskii rearrangement, 214 


Feist-Benary furan synthesis, 218 

Ferrier carbocyclization, 220 

Ferrier glycal allylic rearrangement, 222 

Ferrier I reaction, 222 

Ferrier II Reaction, 220 

Ferrier reaction, 222 

Ferrier rearrangement, 222 

Fiesselmann thiophene synthesis, 225 

Fischer carbene, 198 

Fischer indole synthesis, 60, 72, 227 

Fischer oxazole synthesis, 229 

flavone, 8 

flavonol, 6 

Fleming-Tamao oxidation, 231 
Fleming-Kumada oxidation, 233 
fluoride, 288 
fluoroarene, 488 

fluoro-Meisenheimer complex, 347 
fluorous Corey-Kim reaction, 150 
fluorous Mukaiyama reagent, 380 
formal [2+2+1] cycloaddition, 419 
formaldehyde, 210, 330 
formamide acetal, 28 
formic acid, 210, 330 
o-formylphenol, 460 
formylation, 64, 253 
four-component condensation, 551 
four-electron system, 1 
four-membered titanium oxide ring in¬ 
termediate, 428 

fragmentation, 196, 208, 240, 268 
Friede 1-Crafts acylation reaction, 234 
Friedel-Crafts alkylation reaction, 236 
Friedel-Crafts reaction, 234 
Friedlander quinoline synthesis, 238 
Fries rearrangement, 240 
ortho -Fries rearrangement, 241 
Fries—Finck rearrangement, 240 
Fukuyama amine synthesis, 243 
Fukuyama reduction, 245 
Fukuyama—Mitsunobu procedure, 243 
functional group interconversion, 572 
functional group migration, 576 
furan ring as the masked carbonyl, 464 
furan synthesis, 218, 409 
fused pyridine ring, 263 

G 

Gabriel amine synthesis, 249 
Gabriel synthesis, 171, 246 
Gabriel-Colman rearrangement, 250 
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Gamer’s aldehyde, 266 

Gassman indole synthesis, 251 

Gattermann-Koch reaction, 253 

Gewald aminothiophene synthesis, 254 

Glaser coupling, 257, 299 

glycerol, 509 

glycidic ester, 169 

glycol, 159, 222, 223, 225, 334, 591 

glycosidation, 313, 320, 492 

(3-glycoside, 320 

C-glycosidic product, 222 

glycosyl acceptor, 313 

Gomberg-Bachmann reaction, 262, 450 

Gould-Jacobs reaction, 263 

green Dakin-West reaction, 168 

Grignard reaction, 18, 266 

Grignard reagent, 16, 20, 266, 325, 490, 

494 

Grob fragmentation, 268 
Grubbs’ catalyst, 78, 465, 467 
Grubbs’ catalyst, intramolecular 
Buchner rea-ction, 78 
Guareschi imide, 270 
Guareschi-Thorpe condensation, 270 

H 

[l,5]-H-atom shift, 121 
Hajos-Wiechert reaction, 271 
halfordinal, 230 
Haller-Bauer reaction, 273 
IV-haloamines, protonated, 292 
o-halo-aniline, 373 
haloarene, 486 
a-halocarbohydrate, 320 
a-haloesters, 50, 169, 456 
halogen effect, 472 
a-halogenation, 282 
halogen-lithium exchange, 413 
a-haloketones, 171,218 
2-halomethyl cycloalkanones, 200 
a-halosulfone, 454 

Hantzsch 1,4-dihydropyridines, 274, 275 
Hantzsch dihydropyridine synthesis, 274 
Hantzsch pyrrole synthesis, 276 
head-to-head alignment, 173 
head-to-tail alignment, 173 
Heck arylation, 574 
Heck reaction, 277, 278, 280, 373, 574 
Hegedus indole synthesis, 281 
Hell-Volhard-Zelinsky reaction, 282 
hemiaminal, 474, 515 


(+)-hennoxazole, 472 
Henry nitroaldol reaction, 284 
heteroaryl Heck reaction, 280 
heteroaryl recipient, 280 
heteroaryllithium, 413 
heteroarylsulfones, 309 
hetero-Carroll rearrangemen, 96 
hetero-Diels-Alder reaction , 56, 187 
heterodiene addition, 187 
heterodienophile addition, 187, 188 
heteropoly acid catalyst, 168 
hex-5-enopyranosides, 221 
hexacarbonyldicobalt complex, 395,419 
hexacarbonyldicobalt-stabilized proper- 
gyl cation, 395 

hexamethylenetetramine, 171, 172, 515 
Hinsberg synthesis of thiophene deriva¬ 
tive, 286 

Hiyama cross-coupling reaction, 288 
Hoch-Campbell aziridine synthesis, 266 
Hofmann degradation, 290 
Hofmann rearrangement, 290 
Hofmann-Loffler-Freytag reaction, 292 
homoallylic alcohol, 584 
homocoupling, 258, 299, 335, 554 
homo-Favorskii rearrangement, 215 
homologated carboxylic acid, 588 
homo lysis, 215 

homo lytic cleavage, 22, 24, 26, 200, 
292,298,334,582,586 
homo-McMurry coupling, 335 
homo-Robinson, 470 
Horner-Wadsworth-Emmons reaction, 
294, 341 

Horner-Emmons reaction, 527 
Hosomi-Sakurai reaction, 484 
Hosomi—Miyaura borylation, 368 
Houben-Hoesch synthesis, 296 
Huang Minion modification, 590, 591 
Hunsdiecker-Borodin reaction, 298 
hydantoin, 76, 102,497 
hydrazine, 72, 102, 227, 249, 317, 334, 
570, 590 

hydrazoic acid, 490 

hydrazone, 16, 60, 208, 227, 302, 570 

hydride, 94, 100, 210, 330, 345, 359, 

373,404, 482,515,564, 591 

(3-hydride elimination, 373, 482 

hydride shift, 564, 591 

hydride source, 210 

hydride transfer, 94, 345, 359, 404, 515 
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hydro-allyl addition, 1 
o-hydroxyaryl ketones, 8 
hydrogen atom abstraction, 24 
1,5-hydrogen abstraction, 26 
1,5-hydrogen atom transfer, 292 
hydrogen donor, 40, 274 
hydrogenation, 399, 476 
hydrogenolysis, 251 
hydrolysis of iminium salt, 271 
hydrolysis, 54, 162, 165, 231, 247, 266, 
271, 282, 286, 296, 315, 385, 393, 438, 
447, 456, 460, 463, 478, 499, 534, 592 
hydropalladation, 564 
hydroxamic acid, 332 
hydroxide-catalyzed rearrangements, 
214 

(O-hydroxyl-acid, 152 
hydroxylamine, 115, 349 
A-hydroxyl amines, 135 
a-hydroxylation, 478 

4- hydroxy-3-carboalkoxyquinoline, 263 
(3-hydroxycarbonyl, 3 
2'-hydroxychalcones, 6 

5- hydroxylindole, 391 

3- hydroxy-isoxazoles, 115 

2- hydroxymethylpyridine, 54 
(3-hydroxy-|3-phenylethylamine, 432 

4- hydroxyquinoline, 263 
p-hydroxysilane, 203, 430 

3- hydroxy-2-thiophenecarboxylic acid 
deri-vatives, 225 
hydrozinolysis, 62 

hypohalite, 251, 290 

I 

IBX, 179, 397 

imide, 102, 270,444, 474 

imine, 58, 102,107, 131, 490, 521, 546, 

551 

iminium fonnationhydrolysis, 315 
iminium ion, 315, 330, 440, 442, 519, 
534 

imino ether, 438 

iminochloride, 385 

iminophosphorane, 523 

indole, 20, 28, 46, 60, 72, 227, 251, 281, 

373, 391,463 

indole synthesis, 227, 251, 281, 373, 
391, 463 

Bartoli, 20 

Batcho-Leimgruber, 28 


Bischler-Mohlau, 46 
Fischer, 227 
Gassman, 251 
Hcgedus, 281 
Mori-Ban, 373 
Nenitzescu, 391 
Reissert, 463 

indole-2-carboxylic acid, 463 
Ing-Manske procedure, 249 
Initiation, radical, 586 
inositol, 220 

insertion toward CH, 419 
insertion, 198, 277, 280, 373, 419, 589 
intercomponent interactions, 90 
intennolecular addition, 361, 509 
intermolecular aldol, 4 
intennolecular Bradsher cycloaddition, 
66, 67 

intennolecular C-H animation, 573 
intennolecular C-H oxidation, 572 
intennolecular Friedel-Crafts acylation, 
234 

intennolecular Heck arylation, 280, 574 
intennolecular Yamaguchi coupling, 

594 

internal acetylenes, 353 
intramolecular acyl transfer, 424 
intramolecular Alder-ene reaction, 1 
intramolecular aldol condensation, 470 
intramolecular Baylis-Hillman reaction, 
31 

intramolecular Boger pyridine synthesis, 
56 

intramolecular Bradsher cyclization, 66 
intramolecular Buchner reaction, 78 
intramolecular Cannizzaro reaction, 95 
intramolecular C-H oxidation, 572 
intramolecular condensation, 205 
intramolecular cross-coupling, 531 
intramolecular cyclization, 413 
intramolecular Diels-Alder reaction, 
184,185 

intramolecular ene reaction, 110 
intramolecular Favorskii Rearrange¬ 
ment, 214 

intramolecular Friedel-Crafts acylation, 
234,235 

intramolecular Heck reaction, 278, 280, 
285,280, 373 

intramolecular Horner-Wadsworth- 
Emmons, 295 
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intramolecular Houben-Hoesch reac¬ 
tion, 296 

intramolecular mechanism, 304 
intramolecular Michael addition, 356 
intramolecular Minisci reaction, 362 
intramolecular Mitsunobu reaction, 366 
intramolecular Mukaiyama aldol reac¬ 
tion, 375 

intramolecular Nicholas reaction using 
chromium, 396 

intramolecular Nozaki-Hiyama-Kishi 
reaction, 401 

intramolecular nucleophilic aromatic re¬ 
arrangement, 511 
intramolecular pathway, 440 
intramolecular Pauson-Kliand reaction, 
419 

intramolecular Schmidt rearrangement, 
491 

intramolecular Sn 2, 169 
intramolecular Stetter reaction, 525 
intramolecular Suzuki-Miyaura cou¬ 
pling, 536 

intramolecular Thorpe reaction, 546 
intramolecular transamidation, 331 
intramolecular Tsuji-Trost reaction, 549 
intramolecular Yamaguchi coupling, 

594 

inverse electronic demand Diels-Alder 
reaction, 186 
cis-trans inversion, 596 
inversion of configuration, 548 
iododinitrobenzene, 347 
iodosobenzene diacetate for Hofmann 
rear-rangement, 290 
O-iodoxybenzoic acid, 179, 397 
ionic liquid, 316, 343 
ionic liquid-promoted interrupted Feist- 
Benary reaction, 218 
ionic mechanism, 266 
ipso attack, 347 
ipso substitution, 231, 347 
Ireland-Claisen (silyl ketene acetal) 
rearrangement, 125 

iron salt-mediated Polonovski reaction, 
441 

irreversible fragmentation, 196 
C-isocyanide, 415, 551 
isocyanate intermediate, 76, 162, 290, 
332 

isoflavone, 8 


isomerization, 229, 353, 421, 470 
isoquinoline 1,4-diol, 250 
isoquinoline, 48, 250,432,434, 444, 
461,462 

3- isoxazolol, 115 
5-isoxazolol, 115 

J 

Jacobsen-Katsuki epoxidation, 300 
Japp-Klingemann hydrazone synthesis, 
60, 302 

Johnson-Claisen (orthoester) rearrange¬ 
ment, 127 

Jones oxidation, 304, 305 
Julia olefination, 309 
Julia-Kocienski olefination, 309, 311 

K 

Kahne glycosidation, 313 
Kazmaier-Claisen, 117 
ketene, 10, 123, 125, 127, 521, 588 
ketene acetal, 123, 125, 127 
ketene cycloaddition, 521 
JV.O-ketene acetals, 123 
a-ketocarbene, 588 
a-ketocarbene intermediate, 10 
keto-enol tautomerization, 96 
P-ketoester, 50, 96,113, 115, 133, 218, 
274,276, 302,423 
2-ketophenols, 240 

4- ketophenols, 240 
a-keto-phosphonate, 341 
ketoximes, 266 

ketyl, 65 

Kharasch cross-coupling reaction, 325 

kinetic product, 16, 294, 494, 527 

kinetic resolution, 574 

Kishner reduction, 1 

Knoevenagel condensation, 254, 255, 

315 

Knorr pyrazole synthesis, 317, 411 
Knorr thiophene synthesis, 328 
Koch-Haaf carbonylation, 319 
Koenig-Knorr glycosidation, 320 
Kostanecki acylation reaction, 322 
Kostanecki reaction, 8, 322 
Kostanecki-Robinson reaction, 322 
Krohnke pyridine synthesis, 333 
Kumada coupling, 288, 325, 529, 536 
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L 

lactam, 240, 328, 521 
(3-lactam, 521 
lactone, 204, 328, 403,521 
azalactone, 167, 204 
(3-lactone, 521 
lactonization, 532 
larger counterion, 309 
Lawesson’s reagent, 328,408 
lead tetraacetate for Hofmann rear¬ 
rangement, 291 
lead tetraacetate, 159 
Lebel modification of the Curtius rear¬ 
rangement, 164 
less-substituted olefin, 494 
Leuckart-Wallach reaction, 210, 330, 
331 

Lewis acid catalyst, 222 
Lewis acid, 1,212, 222, 234, 236, 240, 
375, 377, 395, 423, 484, 492 
Lewis acid-catalyzed aldol condensa¬ 
tion, 375 

Lewis acid-catalyzed Michael addition, 
377 

Lewis basic phenol, 572 
LiBr complex, 580 
ligand exchange, 80, 476, 548 
Lipitor, 411 
liquid ammonia, 44 
long-lived radical, 26 
Lossen rearrangement, 332 
low-valent titanium, 335 
L-phenylalanine, 271, 272 
proline, 143,271,337,338 
LTA, 159 

M 

macrolactonization, 152, 573 
magnesium metal, 266 
magnesium oxide, 202 
maleimidyl acetate, 250 
manganaoxetane intermediate, 300 
Mannich base, 337 
Mannich reaction, 206, 337, 426 
Martin’s sulfurane dehydrating reagent, 
339, 457 

Masamune-Roush conditions, 341 
masked carbonyl equivalent, 154 
McFadyen-Stevens reduction, 334 
McMurry coupling, 335 
MCR, 42, 76 


Me 3 0 + BF 4 “, 343 
Meerwein reagent, 343, 361 
Meerwein’s salt, 343 
Meerwein-Eschenmoser-Claisen rear¬ 
rangement, 123 

Meerwein-Ponndorf-Verley reduction, 
345,404 
Me-IBX, 397 

Meisenheimer complex, 243, 347, 511 

[1.2] -Meisenheimer rearrangement, 349 

[2.3] -Meisenheimer rearrangement, 350 
Meisenheimer-Jackson salt, 347 
Meldrum’s acid, 116 

4-membered ring transition state, 523 
Mes, 465 
mesityl, 465 
mesyl azide, 458 
metal-methylation, 343 
methoxycarbonylsulfamoyl- 
triethylammonium hydroxide inner salt, 
84 

o-methyl-IBX, 397 
methyl triflate, 202 
methyl vinyl ketone, 470 
methylenated ketones, 206 
TV-methylation, 344 
A-methyliminodiacetic acid, 87 
2-methylpyridine A-oxide, 54 
Meyers oxazoline method, 351 
Meyer-Schuster rearrangement, 353, 
480 

MgO, 202 

Mg-Oppenauer oxidation, 404 
Michael addition, 107, 271, 274, 323, 
355, 377, 423, 470,484, 525, see also 
conjugate addition 

Michaelis-Arbuzov phosphonate syn¬ 
thesis, 357 

Michael-Stetter reaction, 525 
microwave, 29, 33,43,47, 74, 210, 264, 
298, 299, 334, 335, 356, 429, 470, 511, 
577, 590 

microwave Smiles rearrangement, 511 
microwave-assisted Gould-Jacobs reac¬ 
tion, 264 

microwave-assisted, solvent-free 
Bischler-indole synthesis, 47 
microwavc-Hunsdiecker-Borodin, 298 
microwave-indued Biginelli 
condensation, 43 
MIDA, 87 
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Midland reduction, 359 
migration order, 12, 436 
migration, 12, 36, 68, 162, 165, 175, 

177, 203, 215, 319, 393, 421, 436, 490, 
566, 576 

1,3-migration of an aryl group from 
oxygen to sulfur, 393 
migratory insertion, 277 
Minisci reaction, 361 
Mislow-Evans rearrangement, 363 
Mitsunobu reaction, 243, 332, 365, 366 
mixed anhydride, 205, 594 
mixed orthoester, 127 
Miyaura borylation, 368 
Mn(III)salen, 300 

Mn(III)salen-catalyzed asymmetric ep- 
oxidation, 300 
modified Ireland-Claisen 
rearrangement, 126 
modified Skraup quinoline synthesis, 

509 

Moffatt oxidation, 370 
monooxygenated precursor, 574 
more-substituted olefin, 494 
Morgan-Walls reaction, 371 
Mori-Ban indole synthesis, 373 
Morita-Baylis-Hillman reaction, 30 
morpholine-polysulfide, 255 
MPS, 255 

Mukaiyama aldol reaction, 4, 375, 375, 
376 

Mukaiyama Michael addition, 377 
Mukaiyama reagent, 379, 380 
multicomponent reactions, 42, 62 
MVK, 470 
MWI, 43 

Myers-Saito cyclization, 382 
A r -(2,4-dinitrophenyl)pyridinium salt, 
596 

N 

naphthol, 72 

p-naphthol, 74 

p-naphthylamines, 74 

Naproxen, 577 

Nazarov cyclization, 383 

NBS variant of Hofmann rearrangement, 

290 

NBS, 290, 298,516, 586, 587 
NCS, 100, 150, 151,292 
Neber rearrangement, 385 


Nef reaction, 387 

Negishi cross-coupling reaction, 325, 

389 

neighboring group assistance, 447, 492, 
592 

Nenitzescu indole synthesis, 391 
Newman-Kwart reaction, 393 
Nicholas reaction, 395 
Nicholas-Pauson-Khand sequence, 395 
nickel-catalyzed cross-coupling, 325, 

389 

Nicolaou dehydrogenation, 397 
nifedipine, 274 
nitrene, 162 

nitrile, 2, 34, 50, 98, 254, 296, 438, 468„ 

490, 534, 546, 562 

nitrile-Alder-ene reaction, 2 

nitrilium ion intennediate, 468, 490 

nitrite ester, 26 

2-nitroalcohol, 284 

nitroaldol condensation, 284 

nitroalkanes, 284 

nitroarenes, 20 

nitrobenzene, 371 

4- nitrobenzenesulfonyl, 499 
nitrogen nucleophile, 572 
nitrogen radical cation, 292 
nitrogen source, 496 
nitronate, 284, 347, 387 
nitronic acid, 284, 387 
o-nitrophenyl selenide, 505 
o-nitrophenyl selenocyanate, 505 
nitroso intermediate, 20, 26, 102 
o-nitrotoluene derivatives, 28, 463 
non-enolizable ketone, 217, 273 
nonstabilized ylide, 580 

Nos, 499 
nosylate, 499 

Noyori asymmetric hydrogenation, 399 
Nozaki-Hiyama-Kishi reaction, 401 
nucleophile, 89, 154, 162, 222, 355, 365, 
395,484, 548,572,573 
C-nucleophile, 222, see also carbon nu¬ 
cleophile 

O-nucleophile, 222 

5- nucleophile, 222 

nucleophilic addition, 50, 351, 438, 456, 
456 

nucleophilic radical, 361 
Nysted reagent, 403 
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o 

octacarbonyl dicobalt, 419 
odorless Corey—Kim reaction, 150 
olefin, 16, 66, 70, 84, 110,135, 146, 
148, 156, 157, 173, 277, 294, 309, 319, 
335, 339, 373, 454, 494, 499, 500, 505, 
507, 521, 564, 566, 572, 574, 578, 580 
a-olefin, 572, 574 
cw-olefin, 294 
£-olefm, 300, 309,311,580 
exo- olefin, 542 
traws-olefin, 294 
(Z)-olefin, 300, 527, 578, 580 
olefin ether, 66 

olefin formation, 294, 454, 505 
olefin silfide, 66 

olefination, 156, 309, 311, 335, 403, 
428, 430, 578 

olefination of ketones and aldehydes, 
403 

oleum, 446 

one-carbon homologation, 10,148 
one-pot PCC-Wittig reactions, 306 
Oppenauer oxidation, 404, 345 
optically pure diethyl tartrate, 502 
organic azide, 523 
organoborane, 70, 536, 574 
organocatalyst, 4, 274 
organohalide, 266, 288, 325, 519, 529, 
536 

organolithium, 325 
organomagnesium compounds, 266, 
325, see also Grignard reagent 
organosilicon, 288 
organostannane, 529 
organozinc, 389, 456 
Ormosil-TEMPO, 545 
osmium catalyst, 499 
osmium-mediated, 496,499 
O-substituted glycal derivatives, 222 
O-sulfonylation, 332 
Ovennan rearrangement, 406 
oxaphosphetane, 578 
oxa-Pictet-Spengler, 434 
oxatitanacyclobutane, 542 
oxazete intermediate, 105 
oxazole, 229,472, 556 
5-oxazolone, 205 
oxazoline intermediate, 167 
oxa-7t-methane rearrangement, 193 
oxetane, 417 


manganaoxetane, 300 
y-oximino alcohol, 26 
oxidation, 70, 107, 194, 572 
Baeyer-Villiger, 12 
Collins-Sarett, 305 
Corey-Kim, 150 
Dakin, 165 
Dess-Martin, 179 
Etard, 129 

Fleming-Tamao, 231 
Hooker, 196 
Jacobsen-Katsuki, 300 
Jones, 304 
Moffatt, 370 
Oppenauer, 404 
PCC, 306 
PDC, 307 
Prilezhaev, 323 
Riley, 336 
Rubottom, 378 
Saegusa, 482 
Sarett, 538 
Swern, 402 
Tamao-Kumada, 233 
TEMPO, 544 
Wacker, 564 

oxidative addition, 80, 90, 98, 245, 277, 
280, 288, 325, 368, 373, 389, 401, 456, 
476, 507, 519, 529, 531, 536, 548, 554 
syw-oxidative elimination, 505 
oxidative cyclization, 6, 281 
oxidative demetallation, 395 
oxidative homo-coupling, 257, 299 
JV-oxide, 54,135, 300, 349, 350, 440, 
442,543 

oxide-coated titanium surface, 335 
oxime, 33, 266, 385 
oxirane, 52 

oxo-Diels-Alder reaction, 187 
4-oxoform, 263 
oxonium ion, 313, 320, 343 
(3-oxo ylide, 580 

oxy-Cope rearrangement, 137, 138, 140 
oxygen nucleophile, 572 
oxygen transfer, 300 
oxygenated compound, 572, 573 

P 

P 2 0 5 , 432 
P 4 O 10 , 432 
P4—t-Bu, 311 
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Paal thiophene synthesis, 408 
Paal-Knorr furan synthesis, 409 
Paal-Rnorr pyrrole synthesis, 317, 411 
palladation, 281, 564 
palladium, 80, 98, 277, 288, 325, 368, 
389, 476, 482, 519, 529, 531, 536, 548, 
564, 572 

palladium-catalyzed alkenylation, 277 
palladium-catalyzed arylation, 277 
palladium-catalyzed oxidation, 564 
palladium-promoted reaction 

Buchwald-Hartwig animation, 80 
Heck, 277 

heteroaryl Heck, 280 
Hiyama, 288 
Kumada, 325 
Miyaura borylation, 368 
Mori-Ban indole, 373 
Negishi, 389 

Rosenmund reduction, 476 
Saegusa, 482 
Sonogashira, 519 
Stille, 529 
Stille-Kelly, 531 
Suzuki-Miyaura, 536 
Tsuji-Trost, 548 
Wacker, 564 

palladium-catalyzed substitution, 548 
pancratistatin, 220 
paniculide A, 220 
paraffin, 134 

Parham cyclization, 413, 415 
Passerini reaction, 551 
Paterno-Buchi reaction, 417 
Pauson-Khand reaction, 395, 419,420 
Payne rearrangement, 421 
Pb(OAc) 4 , 159 
PCC oxidation, 304, 306 
Pd(II) oxidant, 482 
Pd(II) reduction to Pd(0), 519 
Pd/C catalyst, 245 

Pd/Cu-catalyzed cross-coupling, 519 
PDC, 304, 307 
Pd-H isomerization, 574 
Pechmann coumarin synthesis, 423 
pentacoordinate silicon intermediate, 68 
peracid, 231 
pericyclic reaction, 1 
periodinane oxidation, 179, 180 

Perkin reaction, 424 


Petasis boronic acid-Mannich reaction, 
426 

Petasis reaction, 426 
Petasis reagent, 428 
Peterson elimination, 203 
Peterson olefination, 430 
Pfau-Platter azulene synthesis, 78 
Pfitzner-Moffatt oxidation, 370 
Ph 3 P, 52, 53, 99, 148, 149, 152, 223, 
280, 288, 360, 365, 368, 373, 472, 519, 
523,536,578 
PhCul, 554 

phenanthridine cyclization, 371 
P-phenethylamides, 48 
phenol esters, 240 

phenol, 102, 165, 190, 240, 296, 393, 
423, 460, 492, 572 
phenolic ether, 296 
phenylhydrazine, 227 
4-phenylpyridine /V-oxide, 300 
phenyltetrazolyl, 309 
PhNOj, 509 

phospha-Michael addition, 355 
phosphate ester, 220 
phosphazide, 523 
phosphazo compound, 523 
phosphite, 357 
phosphonate synthesis, 357 
phosphonate, 294, 341, 357, 527 
phosphoric acid, 409 
phosphorus oxychloride, 48, 49, 229, 
235,264,371,432,558,559, 
phosphorus pentoxide, 432 
phosphorus ylide, 578, 580 
[2+2]-photochemical cyclization, 173 
photochemical decomposition, 292 
photochemical rearrangement, 162 
photo-Favorskii Rearrangement, 215 
photo-Fries rearrangement, 241 
photoinduced electrocyclization, 417 
photolysis, 26, 192 

photo-Reimer-Tiemann reaction without 
base, 460 

photo-Schiemann reaction, 488 
phthalimide, 247, 248, 249 
Pictet-Gams isoquinoline synthesis, 432 
Pictet-Spengler tetrahydroisoquinoline 
synthesis, 434 
pinacol, 436, 574 
pinacol rearrangement, 436 
(lR)-(+)-a-pinene, 359 
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Pinner reaction, 438 

piperidine, 292 

pivalic acid, 411 

PMB ethers, 202 

PMB reagent, 202 

PMB-protection, 203 

Polonovski reaction, 440, 442 

Polonovski-Potier rearrangement, 442 

polyene skeleton, 89 

polymer-support Hinsberg thiophene 

synthesis, 287 

polymer-supported Mukaiyama reagent, 
379 

polyphosphoric acid, 34, 66, 332, see 
also PPA 

polysubstituted oxetane ring system, 417 

Pomeranz-Fritsch reaction, 444, 446 

potassium phthalimide, 247 

PPA, 34, 66, 132, 134, 163, 164, 235, 

PPSE, 235 

precatalyst, 465, 548 

preoxidized material, 572 

Prevost traws-dihydroxylation, 447, 592 

Prilezhaev epoxidation, 478 

primary alcohol, 304, 305, 339 

primary amides, 290 

primary amine, 171, 178,, 210, 243, 

247, 290,411, 474 

primary cycle, 500 

primary nitroalkane, 387 

primary ozonide, 161 

Prins reaction, 448 

proline, 143, 271 

(S)-(-)-proline, 271 

propagation, 586 

propargylated product, 395 

protic acid, 33, 202, 

protic solvent, 16, 556 

proton transfer, 38, 52, 131, 132, 133, 

458 

protonated heteroaromatic nucleus, 361 
Pschorr cyclization, 450 
PT, 309 

puckered transition state, 521, 578 
Pummerer rearrangement, 452 
purine, 102 

putative active catalyst, 502 
PyPh 2 P, 244 
PYR, 309 
pyrazinone, 102 
pyrazole, 317, 411 


pyrazolone, 317 
2-pyridinethione, 152 
2-pyridone, 270 

pyridinium chlorochromate, 304, see 
also PCC 

pyridinium dichromate, 304, see also 
PDC 

pyridium, 66 
pyridone, 102 
pyrimidine, 102 

a-pyridinium methyl ketone salts, 323 
pyrolysis, 156 
pyrrole, 112,276,317,411 
pyrrolidine, 292 
pyruvic acid, 194 

Q 

quasi-axial bonds, 222 
quasi-Favorskii rearrangement, 217 
quinaldic acid, 461 

quinoline, 92, 131, 133, 194, 196, 238, 
263,394, 461,509,510 
quinolin-4-ones, 133 
quinoline-4-carboxylic acid, 194 

R 

racemization, 227, 273 

radical, 22, 24, 26, 40, 44, 65, 129, 192, 

200, 257, 262, 266, 292, 300, 335, 361, 

382, 417, 450, 540, 544, 546, 560, 582, 

586 

radical anion, 44, 65, 129, 335 

radical cation, 292 

radical chain reaction, 586 

radical coupling, 262 

6-exo-trig radical cyclization, 450 

5-exo-trig-vmg closure, 182 

radical decarboxylation, 22 

radical initiating conditions, 586 

radical intermediate, 300 

radical mechanism, 257, 266, 540, 582 

radical reactions 

Barton radical decarboxylation, 22 
Barton-McCombie, 240 
Barton nitrite photolysis, 26 
Dowd-Beckwith ring expansion, 200 
Gomberg-Bachmann, 262 
McFadyen-Stevens reduction, 334 
McMurry coupling, 335 
TEMPO-mediated oxidation, 544 
radical Thorpe-Ziegler reaction, 546 
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radical-based carbon-carbon bond for¬ 
mation, 361 

radical-mediated ring expansion, 200 

Ramberg-Backlund reaction, 454 

Raney nickel, 251 

Ra-Ni, 29, 155 

rate-limiting step, 218 

Rawal diene, 188 

RCM, 465 

real catalyst, 465 

rearomatization, 196 

rearrangement 

abnormal Claisen, 121 
anionic oxy-Cope, 138 
Baker-Venkataraman, 14 
Beckmann, 33 
Benzilic acid, 36 
Boulton-Katritzky, 62 
Brook, 68 
Carrol, 96 
Chapman, 105 
Ciamician-Dennsted, 112 
Claisen, 117 
para-Claisen Cope, 119 
Cope, 137 
Curtius, 162 
Demjanov, 175 
Dienone-phenol, 190 
Di-7t-methane, 192 
Eschenmoser-Claisen, 123 
Favorskii, 214 
Ferrier glycal allylic, 222 
Fries, 240 

Gabriel-Colman, 250 
Hofmann, 290 
Ireland-Claisen, 125 
Johnson-Claisen, 127 
Lossen, 332 

[1.2] -Meisenheimer, 349 

[2.3] -Meisenheimer, 350 
Meyer-Schuster, 353 
Mislow-Evans, 363 
Neber, 385 
Overman, 406 
oxy-Cope, 140 

Payne, 421 
Pinacol, 436 
Polonovski-Potier, 442 
Pummerer, 452 
Rupe, 480 

quasi-Favorskii, 217 


Schmidt, 490 
siloxy-Cope, 141 
Smiles, 511 

Sommelet-Hauser, 513 
Tiffeneau-Demjanov, 177 
Truce-Smile, 513 
V inylcyclopropane-cyclopentene, 
560 

Wagner-Meerwein, 566 

[1.2] -Wittig, 582 

[2.3] -Wittig, 584 
Wolff, 588 

(5,5)-reboxetine, 503 
Red-Al, 100 
redox reaction, 94, 401 
reducing agent, 210, 330, 274 
reduction 
Birch, 44 

Bouveault-Blanc, 65 
CBS, 143 
Chan alkyne, 100 
Clemmensen, 129 
Fukuyama, 245 
ketones, 345 
McFadyen-Stevens, 334 
Meerwein-Ponndorf-Verley, 345 
Midland, 359 
Rosenmund, 476 
Staudinger, 532 
Wolff-Kishner, 590 
1,4-reduction, 44 

reduction of Pd(OAc) 2 to Pd(0) using 
Ph 3 P, 373 

reductive animation, 58, 330 
reductive cyclization, 463 
reductive elimination, 58, 80, 90, 98, 
102, 156, 245, 277, 288, 325, 330, 368, 
389,419, 476, 519, 529, 531, 536, 548, 
564 

reductive Heck reaction, 278 
reductive methylation, 210 
Reformatsky reaction, 456 
regeneration of Pd(0), 373 
regioisomer, 173, 572 
regioselectivity, 52, 496, 572 
Regitz diazo synthesis, 458 
Reimer-Tiemann reaction, 460 
Reissert aldehyde synthesis, 461 
Reissert compound from isoquinoline, 
462 

Reissert compound, 461 
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Reissert indole synthesis, 463 
retention of configuration, 231, 548 
retro-[l,4]-Brook rearrangement, 69 
retro-[2+2] cycloaddition, 542 
retro-aldol reaction, 173 
retro-benzilic acid rearrangement, 36 
retro-Bucherer reaction, 74 
retro-Claisen condensation, 60, 113 
retro-Cope elimination, 136 
retro-Diels-Alder reaction, 56, 185 
retro-Henry reaction, 284 
reverse Kahne-type glycosylation, 314 
reversible conjugate addition, 196 
rhodium carbenoid, 78 
ring expansion, 200 
ring opening, 532, 596 
6-oxo-trig ring fonnation, 322 
ring-closing metathesis, 465 
trisubstituted phosphine, 365 
Ritter intermediate, 490 
Ritter reaction, 468 
Robinson annulation, 271, 470 
Robinson-Gabriel synthesis, 472 
Robinson-Schopf reaction, 474 
room temperature Buchwald-Hartwig 
amination, 81 

Rosenmund reduction, 476 
Rosenmund-von Braun synthesis of aryl 
nitrile, 98 
rotation, 277, 430 
rotaxane, 90 

Rubottom oxidation, 478 
Rupe rearrangement, 353, 480 
ruthenium(II) BINAP-complex, 399 

S 

Saegusa enone synthesis, 482 
Saegusa oxidation, 397, 482 
safe surrogate for cyanide, 525 
Sakurai allylation reaction, 484 
Sandmeyer reaction, 486 
Sanger’s reagent, 347 
saponification, 263 
Sarett oxidation, 304, 305 
Saucy-Claisen, 117 
Schiemann reaction, 488 
Schiffbase, 133 

Schlittler-Mtiller modification, 446 
Schlosser modification of the Wittig 
reaction, 580 

Schmidt rearrangement, 490 


Schmidt’s trichloroacetimidate glycosi- 
dation reaction, 492 
Schmittel cyclization, 382 
Schonberg rearrangement, 393 
Schrock’s catalyst, 465 
secondary alcohol, 179, 304, 339, 404 
secondary amine, 210, 243 
secondary cycle, 500 
secondary nitroalkane, 387 
secondary ozonide, 161 
secondary a-acetylenic alcohol, 353 
seleno-Mislow-Evans, 363 
semi-benzylic mechanism, 217 
SET, 18, 44, 65, 129, 155,266,311, 

554, 335, 397,554 
Shapiro reaction, 16, 494 
Sharpless asymmetric amino hydroxyla- 
tion, 496 

Sharpless asymmetric dihydroxylation, 
499 

Sharpless asymmetric epoxidation , 502 
Sharpless olefin synthesis, 505 
1,3-shift, 353 

Shioiri-Ninomiya-Yamada modification 
of Curtius rearrangement, 163 
SIBX, 397 

[1.2] -sigmatropic rearrangement, 349 

[2.3] -sigmatropic rearranegment, 20, 
251,350,363,584 

[3.3] -sigmatropic rearranegment, 60, 72, 
96, 117, 119, 121, 123, 125, 127, 137, 
138, 140, 141,227,406 

sila-Stetter reaction, 525 
sila-Wittig reaction, 430 
silicon cleavage, 484 
(3-silicon effect, 484 
siloxane, 102 
a-silyloxy carbanions, 68 
siloxy-Cope rearrangement, 141 
silver carboxylate, 298 
silver salt, 320 

silver-catalyzed oxidative decarboxyla¬ 
tion, 361 
silyation, 332 
a-silyl carbanion, 430 
silyl enol ether, 375, 377, 397 
a-silyl oxyanions, 68 
[l,2]-silyl migration, 68 
(3-silylalkoxide intermediate 
Simmons-Smith reaction , 507 
Simmons-Smith reagent, 507 
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single electron transfer, 18, 44, 65, 129, 
155, 266, 311, 554, 335, see also SET 
single-electron process, 335 
singlet diradical, 417 
six-membered a,(3-unsaturated ketone, 
470 

Skraup quinoline synthesis, 196, 509 
Skraup type, 263 
SMEAH, 100 

SmE-mediated Refonnatsky reaction, 
457" 

Smile reaction, 393 

Smiles rearrangement, 511,513 

S N 1,313 

Sn 2 inversion, 365 

S n 2 reaction, 52, 129, 148, 179, 229, 

247, 249, 240, 292, 357, 363, 365, 578, 

592 

S N Ar, 243, 347, 379 
sodium amalgam, 311 
sodium bis(2-methoxyethoxy)aluminum 
hydride, 100 
sodium bisulfite, 72 
sodium cyanide, 534 
sodium hypochlorite for Hofmann rear¬ 
rangement, 291 
sodium fert-butoxide, 80 
sodium, 65 

solid-phase Cope elimination, 135 
soluble cyanide source, 534 
solvent-free Claisen condensation, 114 
solvent-free Dakin oxidation, 165 
Sommelet reaction, 171, 515 
Sommelet-Hauser rearrangement, 251, 
517,584 

Sonogashira reaction, 98, 519 
(-)-sparteine, 213, 351 
spirocyclic anion intermediate, 511 
stabilized IBX, 397 
stable nitroxyl radical, 544 
stannane, 20, 102, 529, 531 
statin side chain, 50 
Staudinger ketene cycloaddition, 521 
Staudinger reduction, 523 
step-wise mechanism, 588 
stereoselective conversion, 540 
stereoselective oxidation, 231 
stereoselective reduction, 100 
stereoselectivity, 572 
steric hindrance, 594 
sterically-favored isomer, 419 


Stetter reaction, 38, 525 
Stille coupling, 529 
Stille—Kelly reaction, 531 
Still-Gennari phosphonate reaction, 527 
Still—Wittig rearrangement, 584 
Stobbe condensation and cyclization, 
532 

Stobbe condensation, 532 

stoichiometric copper, 519 

stoichiometric Pd(II), 281 

Strecker amino acid synthesis, 534 

strong acid, 319, 468, 598 

styrenylpinacol boronic ester, 574 

substituted hydrazine, 317 

7-substituted indoles, 20 

5-substituted oxazole, 556 

2-substituted-quinolin-4-ol, 92 

4-substituted-quinolin-2-ol, 92 

substitution reactions, 351 

succinimidyl radical, 586 

sulfenamide, 576 

sulfmate, 102 

sulfonamides, 102 

sulfone reduction, 309 

sulfone, 30, 309,311,454 

sulfonium ion, 251 

sulfonyl azide, 458 

sulfoxide activation, 313 

sulfoxide, 313, 363,452 

sulfoximines, 102 

sulfur ylide, 146, 538 

sulfurane dehydrating reagent, 339, 340, 

457 

sulfur-containing heterocyclic ring, 576 
sulfuric acid, 304 
Suzuki, 298 

Suzuki-Miyaura coupling, 102, 536 
Swem oxidation, 150, 538 
switchable molecular shuttles, 90 
syn/anti, 377 
syw-addition, 70 
synchronized fashion, 515 

T 

Takai reaction, 540 
Tamao-Kumada oxidation, 233 
^-tamoxifen, 210 

tautomerization, 74, 121, 133, 140, 167, 
198, 227, 274, 353, 383, 408, 490, 509, 
525,570 
TBABB, 377 
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TBAO, 239 

TBTBTFP, 309 

TDS, 141, 180 

Tebbe olefination, 428, 542 

Tebbe’s reagent, 428 

TEMPO oxidation, 544 

terminal acetylenic group, 353 

terminal alkyne, 148, 299, 257, 519 

tertiary alcohol, 84, 339, 490 

tertiary amine, 30, 206, 349, 350, 562 

tertiary amine A-oxide, 349 

tertiary carbocation, 319 

tertiary carboxylic acid formation, 319 

tertiary A-oxide, 440, 442 

tertiary phosphine, 523 

tertiary a-acetylenic (terminal) alcohol, 

480 

tertiary a-acetylenic alcohols, 353 
tetrahydrocarbazole, 60 
tetrahydroisoquinoline, 434 
tetramethyl pentahydropyridine oxide, 
544 

tetra-«-butylammonium bibenzoate, 377 

1,1,3,3-tetramethylguanidine, 95 

2,2,6,6-tetramethylpiperi-dinyloxy, 544 

tetrazole, 309 

Tf 2 0, 313,314, 379 

TFA, 14, 54, 287, 292, 354, 362, 375, 

391,415,445,507,566 

TFAA, 54, 262, 443 

thermal aliphatic Claisen rearrangement, 
16 

thermal aryl rearrangement, 105 
thermal Bamford-Stevens, 17 
thermal decomposition, 292 
thermal elimination, 110, 135 
thermal rearrangement, 96, 162 
thermal-catalyzed condensation, 133 
thermal-mediated rearrangement, 332 
thermodynamic adduct, 294 
thermodynamic product, 16, 494 
thermodynamic sink, 140 
thermodynamically favored, 319 
thermolysis, 62 
thexyldimethylsilyl, 141, 180 
thia-Fries rearrangement, 241 
thia-Michael addition, 355 
thiazolium catalyst, 525 
thiazolium salt, 38 
thiirane, 146 
3-thioalkoxyindoles, 251 


thioamide, 576 

thiocarbonyl derivatives, 24, 328, 408 

1.1 -thiocarbonyldiimidazole, 156 
thioglycolic acid derivatives, 225 
thiol, 102, 245 

thiophene, 17, 225, 254, 286, 287, 328, 
329, 408 

thiophene from dione, 328 
thiophene synthesis, 225, 408 
thiophene-2,5-dicarbonyls, 286 
thiophenol, 393 
Thorpe-Ziegler reaction, 546 
three-component aminomethylation, 337 
three-component condensation, 415 
three-component coupling, 194, 426, 

574 

threo (thermodynamic adduct), Homer- 

Wadsworth-Emmons reaction, 294 

threo betaine, 580 

Ti(0), 335 

Ti=0, 542 

TiCl 3 /LiAlH 4 , 335 

Tiffeneau-Demjanov rearrangement, 

111 

titanium tetra-wo-propoxide, 502 
TMG, 95 

TMSO-P(OEt) 2 , 358 
p-tolylsulfonylmethyl isocyanide, 556 
tosyl amide, 458 
tosyl ketoxime, 385 
fr-flMS-p-dimethylamino-2-nitrostyrene, 
28 

transannular aldol reaction, 4 
transition state, 1, 309, 345, 404, 478, 
503,521,523,578, 
transmetallation, 102, 288, 325, 368, 
389,401, 519, 529, 531, 536, 536 
trapping molecule, 90 
Traxler-Zimmerman trasition state, 193 
triacetoxyperiodinane, 179 
trialkyl orthoacetate, 127 
trialkyloxonium salts, 343 

1.1.1 -triacetoxy-1,1 -dihydro-1,2- 
benziodoxol-3(lA)-one, 179 
1,2,4-triazine, 56 

triazole intermediate, 458 
trichloroacetimidate intermediate, 406, 
492 

2,4,6-trichlorobenzoyl chloride, 594 
trichloroisocyanuric/TEMPO oxidation, 
545 
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triethyloxonium tetrafluoroborate, 343 
triflate, 202, 288, 325, 389, 529, 536, 
572 

trifluoroacetic anhydride, 54, 442, see 
also TFAA 
trifluorotoluene, 202 
1,3,3 -trimethy 1- 6-azab icy c lo [3.2.1 ] - 
octane, 239 

trimethyloxonium tetrafluoroborate, 343 
trimethylphosphite, 156 
trimethylsilyl chloride, 125 
trimethylsilyl polyphosphate, 235 
tri-O-acetyl-E-glucal, 222 
1, 1,2,3-trioxolane, 161 
2,4-trioxolane, 161 

triphenylphosphine, 365, see also Ph 3 P 
triplet diradical, 417 
n, 7t* triplet, 417 
tropinone, 474 

Truce-Smile rearrangement, 513 
Tsuji-Trost allylation, 548 
Two sequential Stobbe condensations, 
532 

U 

Ugi reaction, 415, 551 

UHP, 12, 165 

Ullmann coupling, 554 

umpolung, 154 

11-undecenoic acid, 574 

a, (3-unsaturation of aldehydes, 397 

a,(3-unsaturation of ketones, 397 

a,|3-unsaturated aldehyde, 480 

y,8-unsaturated amides, 123 

a,(3-unsaturated carbonyl compounds, 

353 

y,5-unsaturated carboxylic acids, 125 
a,(3-unsaturated ester, 525 
y,5-unsaturated ester, 127 
2,3-unsaturated glycosyl derivatives, 
222 

5,6-unsaturated hexopyranose deriva¬ 
tives, 220 

a,(3-unsaturated ketone, 323, 480, 525 
y-unsaturated ketones, 96 
a,(3-unsaturated system, 355, 377, 484 
urea, 12, 42, 102, 162, 165, 332, 370 
urea-hydrogen peroxide complex, 12, 
165 


V 

van Leusen oxazole synthesis, 556 
van Leusen reagent, 556 
varenicine, 211 
vicinal diol, 159, 436 
Vilsmeier-Haack reaction, 558, 558 
Vinyl azide, 162 
vinyl boronic acid, 426 
vinyl Grignard, 20 
vinyl halide, 401 
.E-vinyl iodide, 540 
vinyl ketones, 30,470 
vinyl sulfones, 30 
A,0-vinylation, 102 
vinylcyclopropane, 192, 560 
vinylcyclopropane-cyclopentene 
rearrangement, 560 

vinylic alkoxy pentacarbonyl chromium 
carbene, 198 

vinylic C-H arylation, 574 
vinylogous Mukaiyama aldol reaction, 
375 

2-cis -vitamin A acid, 578 
von Braun degradation, 562 
von Braun reaction, 562 

W 

Wacker oxidation, 281, 482, 564 
Wagner-Meerwein rearrangement, 566 
Wagner-Meerwein shift, 331 
Weinstock variant of the Curtius rear¬ 
rangement, 163 
Weiss-Cook reaction, 568 
Wharton reaction, 570 
White reagent, 572 
Willgerodt-Kindler reaction, 576 
Wittig reaction, 148, 294, 306, 430, 578, 
580 

Wittig reagent, 403 

[1.2] -Wittig rearrangement, 582 

[2.3] -Wittig rearrangement, 517, 584 
Wohl-Ziegler reaction, 586 

Wolff rearrangement, 40, 588 
Wolff-Kishner reduction, 590 
Woodward cw-dihydroxylation, 447, 

592 

X 

xanthate, 110 
Xphos, 82, 83, 89, 369 
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Y 

Yamaguclii esterification, 594, 595 
Yamaguchi reagent, 594, 595 
ylidene-sulfur adduct, 254, 255 

Z 

Zimmerman rearrangement, 192 
zinc amalgam, 129 
zinc-carbenoid, 129 
zinc chloride, 371 
zinc reagent, 389, 403, 456 
Zincke anhydride, 598 
Zincke reaction, 596 
Zincke salt, 596, 598 
Zn(Cu), 507 

zwitterionic peroxide, 161 


